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I  H  IS  little  traft  having  been  compofed 
at  my  requeft,  and  fent  me  from  the  author, 
as  a  prefent  to  the  Royal  Society,  I  was  en¬ 
couraged  to  think  a  tranllation  of  it  would 
not  prove  unacceptable  toEnglifhNaturalifts. 
Moft  of  the  experiments  are  entirely  new, 
and,  for  that  reafon,  as  well  as  on  account  of 
the  lingular  conclufions  that  may  be  deduced 
from  them,  deferve  to  be  repeated  by  diffe¬ 
rent  hands,  and  feen  by  different  eyes.  This 
is  what  our  Italian  obferver  wifhes  may  be 
done,  both  in  his  own  country  and  in  this, 
before  he  publifhes  his  large  work.  Faóts 
in  appearance  fo  little  reducible  to  the  known 
laws  of  animal  ceconomy,  muft  be  duly  au¬ 
thenticated  in  order  to  be  believed;  and  that 
evidence,  which  is  fufficient  in  things  more 
analogous  to  the  general  courfe  of  nature,  can 
hardly  be  thought  fo  in  the  cafe  of  difcove- 
ries,  which  feem  to  be  deviations  from  it. 
But  univerfal  laws  are  few,  and  exceptions 
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to  them  are  grown  more  and  more  common. 
In  this  age,  when  the  talent  of  obferving  has 
been  fo  much  improved,  and  experience  has 
taught  us  the  vanity  of  opinions  and  fyftems, 
it  would  be  imprudent  to  rejedt,  without 
trial,  obfervations,  or  even  hints,  which,  at 
the  fame  time  that  they  enlarge  our  view's 
of  nature,  tend  to  increafe  proportionally  our 
admiration  of  its  great  author,  and  may 
become  in  time  not  onlv  inftrudive,  but  ufe- 
fui  to  mankind. 

Britilh  Mufeum,  M.  M  A  T  Y, 

June  20,  1769. 
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HE  fubjedt  óf  Animai  Réproduftions, 

one  of  the  moil  interefting  and  extenfive  in 
natural  hiftory,  remains  hitherto  concealed 
under  thick  clouds,  for  want  of  a  fufficient 
number  of  experiments  and  obfervations. 
This  truth  appears  the  more  evidently,  as  it 
is  fupported  by  the  authority  of  an  eminent 
philofopher,  whofe  genius  and  induftry  have 
been  employed  for  a  long  time  upon  this  fub- 
jedt,  and  who  acquired  the  greateft  honor  in 
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file  purfuit  of  this  grand  myftery*.  With 
candor  equal  to  his  merit,  he  owns  that  the 
regeneration  of  the  polypes,  and  fome  other  of 
the  fmalled  and  mod:  fimple  infects,  renewed 
by  fedtions,  is  by  no  means  fufficient  to  eluci¬ 
date  the  theory  of  reproductions,  and  that  ani¬ 
mals  of  larger  bulk  and  more  complicated 
organifation  are  neceflary  to  anfwer  this 
purpofe.  As  he  had  difcovered  jointly  with 
Reaufnur,  that  the  earth-worm,  cut  in  pieces* 
has  the  property  of  reproducing  itfelf,  he 
invites  philofophers  to  try  experiments  of 
the  fame  kind,  as  his  own  eye-fight,  weaken¬ 
ed  by  invedigating  the  mod  delicate  works- 
of  nature,  deprived  him  of  that  fatisfadtion* 
and  that,  by  the  death  of  the  great  French 
naturalid,  the  world  had  lod  the  account  of 
the  experiments  made  by  him  upon  that  rep¬ 
tile.  This  advice,  animated  with  the  true 
fpirit  of  philofophy,  is  to  be  found  in  his 
Confederations  upon  organifed  Bodies,  and 
is  of  too  much  confequence  not  to  he 
quoted. 

The  reproduction,  fays  he,  -f  of  the 
■u  earth- worm  is  much  more  furprifing  than 

*  Mr.  Bonnet  of  Geneva,  F.  R.  S.  and  author  of 
many  important  works,  and  particularly  of  the  two  fol¬ 
lowing  ;  viz.  Confiderations  fur  les  Corps  organifés,  à 
Amfterdam,  1762  ;  and  Contemplation  de  ia  Nature,  1764. 
f  Contemplation,  &c.  tome  i,  p,  257. 
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**  that  of  the  polype,  as  Being  of  a  fize  In- 
n  finitely  greater,  and  much  more  compii- 
“  cated  in  its  flrudture.  In  him  you  find  a 
‘  large  apparatus  of  vilcera,  veffels,  tracheas, 
“  mufclesj  &c.  He  has  blood,  and  that 
€i  blood  circulates.  But  above  all,  the  firfl> 
(c  mentioned  infedt  is  an  hermaphrodite ;  it 
“  unites  the  organs  prdper  to  both  fexes, 
€e  and  thefe  organs  are  of  the  rndfl:  exquifite 
flrudture.  The  earth-worm,  though  in 
C£  appearance  the  lowed:  of  animals,  might 
cc  exhauft  the  indufiry  of  the  moil  fagacious 
<c  obferver,  who  with  the  riieadinefs  of  a 
philofopher  thould  confine  himfelf  to  the 
“  examination  of  this  one  objedt  alone* 
How  much  might  not  phyfiology  be  im- 
proved  by  fuch  an  inquiry!  how  many 
<c  truths,  even  beyond  our  expectations, 
**  might  be  added  to  our  (lock  of  know- 
ledge!  To  be  admired,  the  earth-worm 
i€  only  wants  to  be  inveftigated  with  as  much 
accuracy  as  the  polype  has  been;” 

Is  there  any  one  who  would  not  with  to 
obey  fuch  an  invitation,  coming  from  a 
man  univerfally  allowed  to  be  one  of  the 
firfl  naturalifis  of  the  age?  But  how  much 
more  powerfully  mutt  I  have  been  influ¬ 
enced  by  it,  who,  befides  thefe  invitations 
in  common  with  other  philofophers*  was 
frequently  and  particularly  folieited  by  him 
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on  this  account,  and  who  am  allo  connected 
with  him  by  the  ftridteft  friendfhip,  which 
conflitutes  one  of  the  chief  bleffings  of  my 
life  ? 


From  what  I  learned  by  the  fedlion  of  the 
earth-worm,  I  was  induced  to  examine  other 
animals,  in  which  I  likewife  difcovered  the 
fame  regenerating  power.  Thefe  feveral  re- 
prod  ndt  ions,  as  they  are  equally  new  and  curi¬ 
ous,  I  intend  to  enumerate  briefly  in  this  efiay, 
and  afterwards  fully  to  defcribe  them  in  a 
larger  work,  which  I  hope  will  foon  fee  the 
light.  This  work  will  confi  ft  of  many  di  fie  ro¬ 
tations,  each  of  which,  for  the  conveniency  of 
the  readers,  will  he  fubdivided  into  chapters. 
To  lay  down  fadts  with  the  faithfulnefs  of  a 
true  hiflorian  of  nature;  to  pafs,  as  much  as 
poflible,  from  the  moft  Ample  to  the  moft 
complicated  ;  to  bring  them  together,  to 
analyze  and  compare  them  both  with  them- 
felves  and  with  the  difcoveries  of  other  au¬ 
thors  ;  to  deduce  with  impartiality  the  im¬ 
mediate  coniequences,  either  favorable  or 
contrary  to  the  explanations  given  of  thefe 
extraordinary  phenomena  ;  to  fhew  how  far 
the  limits  of  animal  phyfiology  are  extended 
by,  and  what  utility  and  advantage  may  be 
derived  from,  obfervations  of  this  kind,  will 
be  the  principal  defign  of  this  wTork. 
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I  fhall  not,  however,  deny  myfelf  the  liberty 
of  introducing  fome  fimilar  circumflances, 
and  at  times  even  fome  of  a  different  nature, 
which  fell  in  my  way  by  chance,  and  may 
ferve  either  to  clear  up  fome  dark  or  contro¬ 
verted  points,  or  to  promote  and  confirm  fome 
evident  and  important  truths.  Such  for  in- 
fiance  is  the  difcovery  of  the  tadpoles,  exift- 
ing  in  the  eggs  of  frogs,  before  fecundation 
by  the  male.  This  agrees  exactly  with  Hal¬ 
ler's  obfervation  on  the  chicken*,  and  helps 
to  determine  the  great  queflion,  fo  long  in 
difpute  among  philofophers,  on  the  firft 
origin  of  the  germ. 

As  feveral  of  the  refults  of  my  experiments 
will  appear  fmgular,  I  finali  make  it  my  bu- 
finefs  to  defcribe  them  with  precifion,  to 
mention  the  precautions  and  means  I  have 
ufed  in  making  thefe  ohfervations,  the  tem¬ 
perature  of  the  air,  and  the  fituation  proper 
for  the  animals,  together  with  the  food  I 
gave  them  ;  and  in  fhort,  to  difclofe  all  the 
circumftances  which  may  contribute  to  the 
underftanding,  and  eftahlifhing  of  the  fadls, 
fo,  that  the  lovers  of  natural  hiflory,  on  re¬ 
peating  my  experiments,  may,  if  they  pleafe, 
confirm  and  extend  them  Hill  farther. 

*  Memoires  fur  la  formation  du  cceur  dans  le  poulet. 
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I  have  thought  a  fufficient  number  of 
figures  would  be  of  the  greatelt  importance 
to  the  fubjeft:  if  they  are  generally  orna¬ 
ments  in  books  of  natural  hiftory,  they  may 
be  faid  to  be  the  life  and  fpirit  of  mine, 

I  dial!  endeavour  to  diftribute  my  fubjefts, 
in  fuch  manner,  as  that  the  reproductions  of 
the  firft  clafs  may  give  light  to  thole  of  the  fe~ 
cond,  and  fo  on  of  the  reft.  This  order,  indeed, 
I  have  not  obferved  in  this  Effay,  not  thinking 
it  necefiary,  as  my  foie  intention  was  partly  to 
enumerate,  for  reafons  it  would  be  neediefs 
to  fpecify,  the  mere  refult  of  many  of  my 
experiments,  and  partly  to  point  out  feveral 
queftions  propofed  to  nature,  in  order  tofearcfi 
into  her  fecrets,  and  find  out  her  ways  of  aft- 
ing  in  thefe  wonderful  operations:  her  an? 
fwers  fliall  be  referved  for  my  other  work. 


THl 


7* 


(  7  ) 


THE  REPRODUCTIONS  OF  THE 
EARTH-WORM. 

np 

JL  UREE  parts  may  be  confidered  in 
earth-worm,  tranfverfely  divided  ;  the  fore 
party  or  head;  the  hinder  party  or  tail,  and 
the  intermediate  part* 

Having  found  that  the  anterior  part,  or 
the  head,  reproduced  the  tail,  I  was  willing 
to  try  whether  this  took  place,  when  the 
head  was  cut  at  different  diltances,  and 
whether  any  difference  in  the  method  of  di¬ 
viding  would  prevent  the  ufual  reproduction* 

It  was,  therefore,  neceffary  to  ohferve, 
whether  the  regenerative  power  exifted  in 
the  whole  length  of  the  worm,  fo  that  the 
head,  however  long  or  Ihort,  would  be 
equally  fit  to  reproduce  a  tail.  I  found 
that  nature  has  limits,  which  lhall  be  deter¬ 
mined  in  my  work,  and  beyond  which  this 
reproduction  of  the  tail  can  no  longer  be 
effected. 

But  as  heads,  differing  in  their  length, 
(within  certain  limits)  (till  reproduce  a  tail, 
the  following  enquiries  could  not  be  omitted, 
jo  Are  thofe  tails  equal,  that  are  produced 
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from  unequal  heads  ?  2.  Do  they  become  fo 
in  the  fame  length  of  time  ?  3.  Does  that 
equality  of  the  tails  take  place  at  every  pointy 
within  the  limits  affigned  for  the  repro¬ 
duction  ?  4.  And  does  it  continue  during 
$he  whole  courie  of  this  operation  ? 

Thefe  experiments,  having  firft  been  made 
Upon  full-grown  earth-worms,  of  one  par¬ 
ticular  fpecies,  were  repeated  on  others  of 
the  fame  fpecies,  young  and  ftill  growing  $ 
and  proper  comparifons  were  made  between 
the  reproductions  of  the  firft  and  thofe  of 
the  laft. 

It  was  then  proper  to  examine  whether  the 
heads  in  earth-worms  of  different  fpecies, 
like  wife  produce  new  tails.  Having  found 
it  to  be  fo,  I  inquired,  1.  Whether  there  is 
any  difference  of  time  between  the  reproduc¬ 
tions  of  the  tails  in  different  fpecies.  2.  And 
being  convinced  that  there  was  a  difference, 
what  might  be  the  reafon  of  it.  In  the 
jCourfe  of  thefe  refearches,  I  met  with  one 
fpecies  of  the  earth-worm,  diftinguifhed 
from  all  others,  not  only  by  the  very  long 
time  it  requires  to  begin  this  reproduction, 
but  likewife  by  the  reproduction  itfelf,  which 
is  intirely  different  from  any  thing  that  has 
been  obferved,  not  only  on  the  reproduction 
gf  earth-worms,  but  alfo  on  that  of  other 
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animals.  And  thus  far  I  proceeded  on  the 
reproduction  of  the  tail  from  the  anterior 
part,  or  the  head. 

The  next  inquiry  was,  whether  the  pofte- 
rior  part,  or  the  tail,  likewife  could  produce 
a  new  head.  I  found  that,  upon  cutting  off 
a  certain  number  of  rings  from  the  anterior 
part,  the  reproduction  of  the  head  took  place 
in  every  fpecies  of  earth-worms  known  to 
me  ;  and  I  did  not  fail  to  attend  in  great 
meafure  to  the  fame  things  I  had  noted  in 
the  reproduction  of  the  tail. 

If  the  number  of  rings  taken  off  is  fuch, 
that  the  quantity  of  the  anterior  part  fe-* 
parated  be  confjderable,  the  reproduction 
of  the  head  will  not  take  place  till  after  a 
long  time,  and  then  with  difficulty;  and  not 
in  every  fpecies  of  thefe  infects.  But  as  re¬ 
production  is  only  delayed,  not  prevented, 
by  this  kind  of  feCtion,  it  may  be  concluded, 
that  earth-worms,  or  at  Jeaft  fome  fpecies  of 
them,  not  only  reproduce  the  tail,  but  the 
head. 

To  fettle  this  point,  I  fhall  examine  the 
little  that  has  been  written  upon  the  cutting 
pf  the  earth-worm  by  Count  Ginnani *,  Dr, 

*  Racolta  Calogeriana,  torrie  xxxvii. 
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Vandelli*,  and  Valifneri,  now  profeftbt  of 
natural  hiftory  at  Padua  'f. 

When  the  rings  cut  oft  near  the  head  are 
but  few,  the  part  reproduced  is  always  equal 
to  that  which  was  taken  off;  but  when 
there  are  many,  the  new  head  is  commonly 
fhorter,  and  has  fewer  rings,  than  the  firft. 

The  preceding  faCts  deferved  to  be  ftill 
more  illuftrated  by  the  following  queries. 

1.  Whether  the  reproduction  of  a  fmali 
portion  of  head  appears  fooner  than  that 
of  the  tail  ?  and  as  this  is  found  to  be  true  ; 

2.  What  proportion  and  what  laws  nature 
follows  in  the  lengthening  of  thefts  two 
productions  ?  This  having  been  found  out, 
I  examined,  3-  Whence  it  comes  to  pafs,  that 
head  fprings  forth  fooner  than  the  tail  ?  4. 
Why  it  happens,  that,  when  much  of  the 
head  is  cut  off,  the  reproduction  is  fo  much 
retarded,  and  fo  very  quick  when  but  little 
is  taken  oft  ?  5.  What  is  the  reafon,  that 
in  the  firft  cafe  the  new  head  does  not,  for 
the  moft  part,  equal  the  firft,  either  in  its 
length,  or  the  number  of  its  rings?  6. 
Why  in  many  other  fpecies  of  earth-worms 
the  reproduction  of  the  head  does  not  take 

*  Dominici  Vandelli,  de  Vermium  terrae  reproduce 
tione. 

t  Sopra  alcune  Riproduzioni  de’  Lombrici  terreftri, 

Padua,  Si c. 
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place»  when  the  feparated  part  is  confiderà 
able  ? 

Being,  laftly,  come  to  the  middle  parts,  I 
was  delirous  to  know  whether  both  a  new 
head  and  a  new  tail  could  be  reproduced.  I 
found  that  they  really  are  both  renewed,  pro¬ 
vided  a  large  portion  of  the  head  be  not  taken 
off;  for  then  the  fame  thing  will  happen  that 
we  mentioned  before.  If  a  fmall  portion  of 
the  anterior  part  be  cut  off,  both  head  and 
tail  will  fpring  forth  ;  but  as  we  have  already 
obferved,  the  head  appears  firft,  and  then  the 
tail,  according  to  the  law  which  nature  was 
found  to  adhere  to, 

The  difficulty,  therefore,  with  regard  to  the 
intermediate  parts,  lies  in  the  reproduftion 
of  the  head  ;  and  although  this  often  fails, 
the  tail  will  ftill  begin  to  be  regenerated  ; 
but  this  dies  fooner  or  later,  together  with 
the  middle  part. 

But  how  comes  it  to  pafs,  when  equal  por-» 
tions  are  cut  off  from  the  two  extremities* 
viz.  the  head  and  tail  th  -vwim,  that* 

although  bo  t*  w  ;  yet  if  they 

are  kept  in  a  proper  dt nation,  the  >oint  of  the 
tail  furvives  that  oi  the.  head  ? 

The  fe  reproductions  take  place  in  the 
earth-worm,  when  it  is  gut  acrofs  with  a  pair 

of 
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of  fciffarsj  but  what  happens,  i.  If  inftead  of 
being  cut,  the  infed:  be  torn  afunder  ;  2.  or 
if  fire  be  applied  to  the  divided  part  ? 

Hitherto  the  animal  is  fuppofed  to  have 
been  cut  in  three  parts,  viz.  the  head,  the 
tail,  and  the  middle  piece. 

I  was  then  induced  to  enquire  what  hap¬ 
pened  to  the  earth-worm,  when  cut  in  four, 
five,  fix,  or  more  parts,  which  I  afcertained 
by  a  great  variety  of  experiments. 

I  ilaould  not  have  done  juftice  to  the  fyf- 
tem  of  animal  reproductions,  had  I  omitted 
to  confidar  three  different  Hates  in  the  earth¬ 
worm  ;  one  preceding  the  fedtion ;  another 
attending  the  operation  ^  and  a  third  which 
fucceeds  it. 

As  to  the  firft,we  know  that  an  earth- worm 
being  placed  upon  loofe  and  moift  ground, 
hides  itfelf  by  boring  it  with  its  head. 
It  avoids  every  obftacle  in  its  wav  ;  it  gene¬ 
rally  advances  forwards,  or  with  its  head 
fore  mo  fi  ;  it  glides  without  any  difficulty 
along  the  Tides  of  vafes,  &c. 

Now  do  the  fame  phenomena  appear  in  a 
head  juft  deprived  of  its  tail  ?  in  the  inter¬ 
mediate  part  r  or  in  the  tail  alone  ? 
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The  great  artery  runs,  as  was  found  by 
Bonnet,  from  the  tail  to  the  head,  all  along 
the  back.  Through  this  the  blood  circu¬ 
lates  ;  and  its  pulfations  may  eafily  be 
counted. 

Is  the  direction  of  this  circulation  the 
fame  from  the  tail  to  the  head  in  the  divided 
part  ?  It  was  obferved  to  be  fo,  whether  this 
part  was  the  head,  the  middle  piece,  or  the 
tail. 

If  the  piece  firft  cut  off  be  farther  fub- 
divided,  has  this  fedtion  any  influence  on 
the  former  direction  of  the  circulation  ?  By 
no  means  ;  and  I  was  much  aflonifhed  to 
fee  that  the  blood  proceeded  regularly  in  its 
former  courfe,  when  the  portion  of  the  head, 
the  tail,  or  the  intermediate  part  did  not 
exceed  the  tenth  part  of  an  inch. 

But  does  this  divifion  retard  at  leaf!;  the 
velocity  of  the  blood  ?  does  it  diminish  its 
quantity  ?  does  the  blood  flow  copioufly,  or 
not,  from  the  divided  veflels  ?  What  altera¬ 
tion  do  thefe  veflels  undergo  in  their  ftruc- 
ture  ?  what  change  is  produced  in  the  other 
component  parts  of  the  earth-worm  ? 

With  regard  to  the  confequences  of  the 
fedtion,  I  examined,  x.  What  new  order 

and 


(  u  ) 

&nd  difpofition  thè  divided  fibres  and  veflell 
acquire  ?  2.  What  time  it  takes  up  after 

the  feCtion,  before  a  new  production  begins 
to  make  its  appearance  ?  3.  What  is  the 
form  and  ftruCture  of  the  reproductions  ; 
and,  in  confequence,  how  fir  they  agree  or 
difagree  with  the  fir  ft  parts?  4.  Whether 
the  circulation  in  the  great  artery,  formed  by 
the  reproduction  j  is  analogous  to  that  of  the 
whole  worm;  viz.  fròm  tail  to  head?  5.  In 
what  manner  are  the  great  artery;  the  in- 
teftinal  tube,  and  the  other  parts  exifting  in 
the  old  animal,  united  to  the  hew  parts  ? 
6.  Whether,  cseteris  paribus,  the  repro¬ 
duction  grows  in  proportion  to  the  length  of 
time,  and  the  warmth  of  the  weather?  7. 
Whether  all  the  parts,  fimilar  or  diflimilar, 
which  exifted  in  the  old,  are  alfo  found  in 
the  new,  worm  ?  8.  Whether  the  reproduc¬ 
tion,  after  feCtions  parallel  to  the  plane  of 
the  rings;  keeps  the  longitudinal  direction 
of  the  worm.  9.  Whether  this  direction 
varies  with  that  of  the  plane  of  the  feCtion  ? 
10.  What  interval  of  time  is  required  before 
the  new-produced  parts  are  able  perfectly 
to  perform  the  functions  of  thofe  that  were 
cutoff?  11.  Whether,  on  the  lengthening 
of  the  reproduction,  the  trunk  increafes 
like  wife  ?  32.  Whether  after  a  certain  time 
the  reproduction  becomes  equal  to  the  old 
part,  both  in  bulk  and  length  ? 


Bui 
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But  is  this  regenerating  power  exhaufted 
in  the  firft  operation  ?  I  found  the  re¬ 
verie.  A  fecond  reproduction  being  cut  off, 
is  iucceeded  by  a  third  ;  this  by  a  fourth  $ 
that  by  a  fifth  ;  and  fo  on. 

I  procured  thefe  fticcefiive  reproductions* 
not  only  by  cutting  off,  from  time  to  time* 
the  new-recovered  parts,  but  by  making  the 
fecond  divifion  within  the  firft  reproduction* 
the  third  within  the  fecond,  the  fourth  within 
the  third,  &c.  In  this  manner  I  obtained  a 
fcale  of  reproductions  united  to  the  whole 
trunk,  and  becoming  gradually  younger*  flen- 
derer,  and  of  a  lighter  colour. 

t  *  ‘ 

It  may  be  inferred  from  hence,  that  the 
reproductive  power  takes  place  not  only  all 
along  the  old  animal,  but  like  wife  through¬ 
out  the  new  one. 

Is  the  bulk  of  the  animal  fenfibly  dim!- 
nifhed  by  a  feries  of  fo  many  fucceffive  re¬ 
productions  ?  what  proportion  of  the  power 
is  confumed  in  the  laft  ?  may  we  believe, 
that  it  would  always  continue,  or  at  latt¬ 
ee  afe  to  aCt  ? 

Inftead  of  dividing  entirely  a  part  of  the 
earth-worm  from  the  other  by  a  tranf- 
verfe  feCiion,  what  would  happen  to  him* 

I.  by 
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I.  by  cutting  tranfverfely  through  one  half 
of  the  body,  and  leaving  the  other  un¬ 
touched  ?  2.  By  cutting  the  worm  almofl 
entirely  through,  and  leaving  him  hanging 
only  by  a  thread  ?. 

From  a  tranfverfe,  I  proceeded  to  a  longi¬ 
tudinal,  divifion,  in  order  to  find,  i*  What 
would  happen  to  the  earth-worm  from  a 
longitudinal  divifion  carried  through  his 
whole  length  ?  2.  By  extending  the  longi¬ 
tudinal  fedtion  to  the  length  of  an  inch  in 
the  fore  part  ?  3.  By  doing  the  fame  in  the 
back  part  ?  4.  By  taking  away  a  longitudi¬ 
nal  piece  of  the  i  n  telline  ?  5.  By  cutting 
off  a  piece  of  the  great  artery,  and  thus 
interrupting  the  circulation  through  it?  6„ 
By  opening  part  of  the  body  longitudinally, 
either  on  the  back  or  belly  ? 

As  many  of  thefe  experiments  fucceeded 
on  earth-worms,  when  whole,  they  were 
afterwards  repeated  on  heads,  middle-pieces, 
and  tails. 

It  was  necefiary  to  prefix  to  the  prefent 
inquiry  an  accurate  anatomical  defcription 
of  the  earth-worm.  It  is  not  fufficient  to 
fay  that  a  new  tail  or  a  new  head  is  repro¬ 
duced,  unlefs  at  the  fame  time  we  defcribe 
the  number,  diverfity,  and  nature,  of  the 

parts 
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parts  concurring  to  form  this  new  tail  or 
this  new  head.  The  various  relations  thefe 
parts  bear  to  each  other*  and  to  all  the  reft, 
are  likewife  to  be  traced  ;  and  laftly,  the 
organical  texture  of  the  reproductions  is 
to  be  compared  with  that  of  the  parts  that 
were  cut  off,  with  the  niceft  exadtnefs  and 
greateft  circumfpeftion.  This  indeed  is 
the  beft  method  of  improving  and  illuftrat- 
ing  this  dottrine*  but  it  could  not  be  purfued 
without  the  affiftance  of  the  anatomical 
knife. 

Rhedi  *  and  Willis  •f4  have  given  anato¬ 
mical  defcriptions  of  this  animal.  But  to  fay 
the  truth,  as  it  was  only  occafionally  that 
they  conlidered  him,  they  did  not  trouble 
themfelves  much  about  the  mechanifm  of  his 
organs.  I  have  taken  upon  me  to  go  a  little 
farther,  and  have  found  fame  organs  in  thefe 
infects  unknown  or  undefcribed  by  them. 

To  proceed  regularly  and  with  clearnefs 
in  my  anatomical  defcriptions  of  the  earth¬ 
worm,  I  intend  to  treat  particularly  of  the 
following  organs;  viz.  Of  the  twofexes  found 
in  the  earth-worm;  of  the  arteries  and  veins, 
and  of  their  communication  ;  of  the  mufcles* 

*  Degli  animali  viventi  negli  animali  viventi* 

,  i  De  anima  Brutorum. 
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and  of  the  tube,  from  whence  the  cefophagus, 
the  ftomach,  and  the  intedines  are  continued, 

I  fliall  examine  afterwards,  whether  the  earth¬ 
worm  has  a  real  heart,  a  brain,  and  fpinal 
marrow  ;  and  whether  it  has  nerves,  and 
veflels  infervient  to  refpiration. 

Under  this  laft  head  I  diali  have  occafion 
to  infert  a  very  great  number  of  experiments 
concerning  the  refpiration  of  caterpillars, 
made  many  years  ago  by  Mr.  Bonnet,  and 
by  him  moft  obligingly  communicated  to 
me.  I  thought  proper  to  give  previous  notice 
of  this  circumftance,  that,  from  the  merit  of 
the  author,  the  public  may  form  fome  idea  of 
the  value  of  the  work. 

The  experiments  of  the  naturalift  of  Ge¬ 
neva,  will  be  joined  to  my  own  on  the  fame 
fubjeét  ;  in  order  to  judge  (if  I  may  be  al¬ 
lowed  fo  to  do)  of  what  the  two  celebrated 
naturalifts,  Malpighi  *  and  Reaumur  -j-  have 
advanced  about  the  very  dark  work  of  refpi¬ 
ration  in  caterpillars. 

*  De  Bombyce.  . 

f  Memoires  pour  fervir  à  1’Hiftoire  des  Infe&es,  tome  i. 
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REPRODUCTIONS  OF  THE 
AQUATIC  BOAT-WORM. 

I  Think  it  not  inexpedient  to  give  a  flight 
idea  of  this  infedt,  which,  if  X  am  not  mif- 
taken,  is  hitherto  unknown  to  naturalifts. 
It  is  compofed  of  rings  like  the  earth-worm* 
and  by  the  help  of  thefe  is  able  to  fhorten 
or  lengthen  itfelf  as  it  pleafes,  and  to  move 
from  one  place  to  another.  Its  fize  towards 
the  head  is  equal  to  one  of  the  largeft  goole 
quills,  and  its  length  about  a  fpan.  The 
largeft  indeed  may  reach  to  the  middle  of 
the  arm,  efpecially  when  ftretched.  The 
colour  of  their  back  is  dark,  but  grows 
lighter  towards  the  tail  ;  the  belly  is  of  a 
pale  flefti  hue. 

They  live  in  fweet,  ih  allow,  and  clear  wa¬ 
ters,  either  ftagnating,  or  flowing  gently. 
The  fore  part  of  the  body  is  ftuck  in  the  mud, 
whence  they  draw  their  nourifhment.  The 
back  part  reaches  the  top  of  the  water,  and 
being  ftretched  and  hollowed  out,  forms  a 
kind  of  boat,  horizontally  extended  over 
the  furface  of  the  water.  This  boat,  the  ca¬ 
vity  of  which  is  towards  the  fky,  and  v/hofe 
iides,  riling  above  the  water,  prevent  its 
getting  in,  is  extremely  ferviceable  to  the 

C  2  infedt. 
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xnfeft,  as  it  enables  him  to  hold  out  a  great 
part  of  his  tail,  which  he  could  not  do  with¬ 
out  this  contrivance,  as  the  fpecific  gravity  of 

his  body  exceeds  that  of  the  water. 

/  • 

The  ufual  pofition  of  the  fore  part  of  this 
animal,  the  element  he  inhabits,  and  his 
organifation,  which,  as  we  (hall  fee  hereafter, 
is  like  that  of  the  earth-worm,  have  induced 
me  to  call  him  the  aquatic  boat- worm. 

The  fibres  in  this  worm  are  very  irritable. 
Upon  the  lead;  fwell  or  agitation  of  the  water, 
the  infedt  immediately  undoes  his  boat,  then 
fhortening,  and  at  the  fame  time  colledting 
his  body  together,  he  withdraws  in  the 
twinkling  of  an  eye  from  the  fight  of  the 
obferver,  and  hides  himfelf  in  the  mud,  his 
natural  place  of  refuge.  When  the  motion 
of  the  fluid  ceafes,  and  his  fears  are  over,  he 
rifes  again  with  his  tail  out  of  the  water, 
and  makes  his  boat  afrefh,  which  he  keeps 
entire,  till  fome  new  accident  happens  to 
difturb  him.  He  delights  fo  much  in  this 
boat,  which  enables  him  to  feel  the  impref- 
fion  of  the  air,  that  he  does  not  fail  to  make 
it,  though  the  mud  is  removed,  and  he 
left  with  little  water.  Even  when  the  worm 
is  broken  in  feveral  pieces,  that  which  has  the 
tail,  or  ~  is  the  neareft  to  it,  continues  the 
fame  fport. 
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But  for  what  reafon  does  our  infedl  con- 
ftantly  form  his  tail  into  a  boat,  which  lies 
fecure  on  the  furface  of  the  water  ?  Are  we 
to  fuppofe  that  this  is  done  becaufe  the  or¬ 
gans  of  refpiration  are  placed  there,  as  we 
certainly  know  that  other  aquatic  animals 
have  them  in  the  fame  part,  which  they 
lengthen  out,  till  it  reaches  to  the  top  of  the 
water,  and  thus  enjoy  the  benefit  of  the  air? 
This  was  my  firft  idea,  and  it  was  aftewards 
confirmed  by  anatomical  difledtions. 

Another  curiofity,  which  I  difcovered  in  the 
faid  boat- worm,  is  particularly  interefting,  as  it 
immediately  relates  to  thè  animal  (Economy. 
The  canal,  which  runs  all  along  the  back  of 
many  infedts,  would  have  been  univerfally 
believed,  from  the  nice  experiments  of  two 
eminent  academicans*,  to  be  the  great  artery, 
fupplying  the  place  of  the  heart  in  them,  if 
the  wonderful  caterpillar  of  Lyonet  had 
not  appeared  to  call  in  queftion  this  received 
opinion.  An  attentive  infpedtion  of  this 
canal  in  the  boat-worm,  may  probably  put 
this  affair  beyond  doubt.  The  fiate  of  per- 
fedf  reft  in  which  the  infedt  is,  the  blood 
paffing  through  the  canal,  and  ftriking  the 

*  Reaumur  and  Bonnet. 

+  La  chenille  qui  ronge  le  bois  de  faule  :  à  la  Haye, 
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eye  by  its  lively  purple  color,  and  the  number 
of  blood- veflels  branching  out  from  the 
fides,  give  the  obferver  an  opportunity  of 
making,  at  leifure,  the  mod  important  en¬ 
quires:  an  advantage  not  eafily  obtained  in 
other  infects ;  as  they  are  naturally  of  a  very 
red  iris  difpoiition,  and  their  blood  is  com¬ 
monly  fo  tran  (parent,  that  it  hardly  makes 
any  impreffion  upon  the  eyes. 

Thefe  remarks  beingpremifed,!  now  come 
to  my  principal  objebt,  concerning  which,  I 
have  difcovered,  that  my  boat- worm  is  very 
eafily  reproduced  ;  having  tried  upon  him 
jnofl  of  the  experiments  made  upon  the  earth¬ 
worm.  I  iliall  not,  therefore,  enumerate  ei¬ 
ther  thefe  experiments  or  the  refults,  as  mold 
of  thefe  agree  perfebily  with  thofe  of  the 
preceding  infedts,  except  in  fome  particulars; 
three  of  which  fhali  be  mentioned  at  prefent. 

The  firfl  is,  that  the  aquatic  -worms  are 
quicker  and  readier  in  their  reproduction 
than  the  earth-worms.  It  is  therefore  no 
wonder,  r.  That  they  more  eafily  recover 
their  heads,  even  when  confiding  of  many 
rings-  2.  That  this  power  exerts  itfelf  even 
in  winter.  3.  That  upon  repeated  fedticns 
of  the  fame  part,  a  greater  number  of  re¬ 
productions  is  obtained  in  the  fame  time. 

nr1 1 
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The  fecond  particular  is,  the  facility  with 
which  two  thirds  of  the  lower  part  of  the 
body  towards  the  tail  may  be  broke  ;  which 
is  not  to  be  obferved  in  the  remaining  third 
part  of  the  body  towards  the  head.  Hence, 
i.  reproductions  of  the  tail,  and  thefe  even 
very  long,  are  frequently  found  in  thefe  in- 
feCts,  when  juft  taken  out  of  the  water. 
And,  2.  reproductions  of  the  head  are  very 
rarely  met  with  in  this  ftate. 

The  laft  particular  concerns  the  origin 
and  unfolding  of  the  arterial  vefiel,  which 
manifefts  itfelf  upon  the  trunk  of  a  boat- 
worm,  after  his  tail  is  cut  off.  At  firflr, 
nothing  is  feen  but  the  podex,  of  an  elliptic 
form,  except  towards  the  upper  part,  where 
the  angle  is  very  acute.  Hence  a  fmall  one 
becomes  vifible,  having  the  anus  at  its  apex. 
The  two  fides  of  the  very  acute  angle  form 
a  very  fine  ftraight  line,  of  a  red  colour  ; 
this  joins  the  trunk,  in  the  direction  of  the 
longitudinal  arterial  vefiel  of  the  infeCL 
The  blood  foon  begins  to  (hew  itfelf  at  this 
line  :  we  fee  it  gently  flow  on  through  the 
whole  length  of  it  ;  hence  it  pafies  into  the 
old  artery,  and  this  anaftomofes  in  aright  line 
with  the  new  vefiel,  the  developement  of 
which  clearly  appears.  In  the  mean  while, 
the  cone  grows  bigger,  and  the  fides  of  the 
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podex  appear  tinged  of  a  light  brown,  which 
gradually  becomes  deeper.  The  brown  fides 
change  into  two  very  fine  arterial  branches, 
which  difcharge  their  blood  into  the  rege¬ 
nerated  artery,  from  whence  it  flows  into 
the  old  vefiel.  Now  as  the  artery  of  the 
tail,  in  its  natural  fiate,  appears  to  be  pro¬ 
duced  in  a  fimilar  manner,  although  this  is 
not  fo  manifeft  on  account  of  the  opacity  of 
the  parts  ^  it  follows  that,  in  my  worm,  the 
arterial  vefiel  is  immediately  produced  from 
two  arterial  branches,  united  on  the  fides  of 
the  oval  which  forms  the  anus. 

But  from  whence  do  thefe  two  branches 
derive  their  blood  ?  Perhaps  from  fome 
fmaller  arterial  ramifications  ?  perhaps  from 
a  vein  ? 
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REPRODUCTION  OF  THE  TAIL 
IN  THE  TADPOLE, 


I  "  ^ 

A  HE  tadpoles  are  thofe  aquatic  animals, 
which  grow  into  frogs  or  toads.  The  repro¬ 
duction  of  their  tail  could  not  but  take  up  a 
great  part  of  my  time,  as  much  was  to  be 
learned  from  thence.  The  extreme  tranfpa- 
rency  of  the  membranes  is  equivalent  to  the 
fineil  and  moft  accurate  diiTedtion;  fince,  be- 
fides  ili e wing  the  texture  of  the  folids,  it  gives 
the  cleared:  view  of  the  circulation  of  the 
fluids.  On  viewing  therefore  through  a  lens 
the  tail  newly  produced,  we  have  the  ad¬ 
vantage  of  examining  how  the  fibres  of  the 
old  part  unite  themfelves  with  thofe  of  the 
new  5  at  what  time,  by  what  means,  and 
how  the  circulation  paffes  on  from  the  trunk 
to  the  reproduction  ;  and  laftly,  what  order 
is  obferved  by  nature  in  the  growth  of  thefe 
fibres,  and  the  addition  of  the  fluids.  Every 
body  muft  be  fenfible  of  the  great  impor¬ 
tance  of  all  thefe  things  in  the  prefent  fub-. 
ject. 


The  circulation  of  the  blood  in  the  new*» 
born  tadpole  thews  itfelf  fooner  in  the  bron¬ 
chial  veflels,  or  organs  of  refpiration,  than 
jn  the  tail.  This  blood  is  then  compofed 
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of  finali  globules,  of  a  pale  yellow  hue  j  this 
is  likewife  the  color  of  the  liquor  which  foon 
begins  to  run  through  the  arteries  of  the  tail  ; 
but  the  courfe  of  circulation  is  different.  One 
half  of  the  length  of  the  tail  is  an  aggregate 
of  oblique  mufcles,  parallel  to  each  other, 
but  converging  towards  the  axis.  The  fides 
are  compofed  of  a  membranous  fkin,  fpot- 
ted  here  and  there  in  a  very  elegant  man¬ 
ner. 

/ 

Small  rivulets,  at  fir  ft  but  few,  afterwards 
in  greater  number,  iffue  from  the  mufcles, 
make  many  Terpentine  turns  in  the  mem¬ 
brane,  and,  hyfrefh  windings,  conceal  them- 
feives  behind  the  mufcles.  A  dark  veil  does 
not  permit  the  eye  to  ob ferve  the  origin  of 
thefe  rivulets.  The  tadpole  being  fome- 
what  older,  the  veil  difappears,  and  the  fource 
of  thefe  ramifications  fhews  itfelf  in  two  real 
veffels  ;  the  one  arterial,  the  other  venous. 
The  fir  ft  takes  its  origin  from  the  root  of 
the  tail,  and  runs  to  the  top  ;  where,  after 
fonie  turns  upwards,  it  forms  the  fecond. 
Both  run  in  a  longitudinal  direction  all  along, 
and  very  near  the  middle  of,  the  tail.  The 
vein  blues  forth  before  the  artery. 

The  ramifications  grow  more  and  more 
numerous,  and  in  a  fhort  time  fill  the  whole 
fail.  The  fight  of  thefe  numberlefs  rivulets 

of 


(  27  ) 

of  Mood  affords  real  delight  to  the  philo- 
fbpher.  This  blood  comes  from  the  two 
great  veffels  ;  and  after  a  greater  or  ieffer 
number  of  turns,  is  brought  back  to  them, 

Thefe  ramifications  at  firft  appear  few, 
afterwards  copious,  and  laftly  crowded;  but 
were  they  fucceflively  formed,  or  did  they 
exift  from  be  firfi,  and  require  nothing 
but  to  be  gradually  unfokled  ? 

A  portion  of  the  tail  being  taken  off  by  a 
fedtion  perpendicular  to  the  axis,  we  difcover 
wonderful  phenomena  about  the  circulation, 
both  in  the  part  cut  off,  and  in  what  re¬ 
mains  of  it.  Thefe  will  be  deicribed  in  my 
book  :  I  filali  confine  myfelf  at  prefent  tq 
fonie  of  the  eftedts  of  the  reprodudion. 

If  the  whole  tail,  or  very  near  the  whole, 
be  cut  off,  the  tadpoles  go  to  the  bottom  of 
the  water,  and  there  lie  down  and  perifii. 
But  if  a  Ieffer  part  be  taken  off,  not  one  of 
them  dies;  and  all  without  exception  recover 
what  they  loft. 

Nature  obferves  the  following  laws  in  the 
growth  of  thefe  reprodudions.  They  are 
more  confiderable,  when  a  great  part  of  the 
tail  is  taken  off  ;  not  fo  large  after  a  Ieffer 
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fcction  ;  and  leali:  of  all,  when  a  very  finali 
bit  has  been  cut  off.  The  greateft  length 
feems  however  rather  to  take  place,  when 
the  tail  is  divided  in  the  middle,  than  when 
the  fedion  is  higher. 

/  ■  ■  ■  " 

If  the  tadpoles  were  very  young  when 
cut,  the  reprodudion  appears  very  foon. 
In  one  fummer  day  it  makes  the  moft  rapid 
progrefs  ;  and  in  a  lhort  time  the  new  part 
not  only  equals  that  which  was  cut  off,  but 
the  new  part  of  the  tail  and  the  old  one 
joined  equal  in  every  dimenfion  the  tail  of 
unmutilated  tadpoles  born  at  the  fame  time. 
The  reprodudion,  being  arrived  at  this 
h  eighth,  continues  to  increafe,  in  the  fame 
proportion  as  the  tail  of  fimilar  animals,  to 
which  nothing  has  been  done. 

When,  therefore,  this  operation  is  per¬ 
formed  at  different  periods  upon  tadpole# 
of  the  fame  fpecies,  the  reprodudion  of  the 
fecond  period  is  equally  quick  with  that  of 
the  firft. 

But  if  the  tadpoles  be  greatly  advanced, 
the  beginning  of  the  reprodudion  is  re¬ 
tarded  ^  and  all  other  circumftances  being 
the  fame,  its  progrefs  will  be  flower.  Hence 
follows  this  law,  which  I  always  found  un¬ 
varied  5  that  the  quicknefs  of  the  reproduc¬ 
tion. 
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tion,  both  in  its  beginning  and  growth,  is 
in  an  inverfe  ratio  to  the  age  of  the  tadpole. 

This  rule  equally  takes  place  in  the  fecond, 
third,  fourth,  &c.  reproductions,  which 
conftantly  follow  upon  a  fecond,  third,  &ca 
fedtion  ;  in  a  word,  thefe  fucceffive  regene¬ 
rations  are  never  found  to  fail  as  long  as 
the  tadpole  keeps  its  tail. 

The  differences  obferved  in  the  manifef- 
tation  and  increafe  of  the  new-produced 
part,  are  analogous  to  what  is  found  in  the 
trunk.  In  the  mo  ft  advanced  ftate,  the  old 
part  does  not  grow  in  the  leaf!  ;  in  the 
middle  ftate  or  in  youth  it  increafes  but 
little  ;  but  in  infancy  the  growth  is  very 
rapid. 

The  tadpoles,  to  which  no  kind  of 
nourifhment  is  given,  do  not  grow  in  fize, 
at  leaft  fenfibly;  the  legs  do  not  come  forth, 
nor  are  the  membranes  of  the  infant  ftate 
caft  off.  I  have  kept  fonie  in  that  ftate 
of  abftinenee  during  the  greateft  part  of 
the  ftimmer  ;  and  when  thefe  were  itili  no 
bigger  than  a  finali  pea,  the  tadpoles  born 
at  the  fame  time,  and  continually  fed,  were, 
at  leaft,  ten  times  fuller  and  bigger  than  their 
failing  friends  ;  nay  the  greateft  part  of  the 
firft  had  already  got  clear  of  their  fir  ft  en¬ 
velopes. 


(  3°  ) 

velopes,  and  were  converted  into  froggy 
He  uce  the  want  of  food  re  tards  in  a  frog  the 
progrefs  towards  the  (late  of  full  growth  $ 
that  is,  in  other  words,  it  lengthens  the 
periods  of  life  in  thefe  animals,  in  the 
fame  manner  that  cold  operated  upon  the 
caterpillars  of  Reaumur  who  were  flower 
in  becoming  cryfallids  $  and,  when  cryfal- 
lids,  longer  in  becoming  butterflies.  But 
yet  I  was  not  a  little  furprifed  to  obferve, 
that,  in  thefe  abftemious  tadpoles,  the  tail 
was  Hill  reproduced,  and  confiderably  in- 
creafed. 

Hitherto  we  have  feen  the  phenomena  of 
reproduction,  as  they  appear  with  the  naked 
eye  in  the  tadpole  ;  let  us  now  take  a  micro- 
fcopical  view  of  thefe  appearances. 

When  any  piece  of  the  tail  is  feparated 
by  a  feCtion  perpendicular  to  the  axis,  the 
fides,  which,  as  we  have  feen,  are  formed  of 
a  membranous  fkin,  are  often  the  firft  that 
appear.  The  reproduction  prefents  itfelf  to 
the  eye  as  a  prolongation  of  the  old  mem¬ 
brane  ;  it  is  only  fomewhat  finer  and  more 
tranfparent» 

*  Memoires  pour  fervir,  &c.  tome  ih 
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Not  long  after  this,  a  blackifh  thread 
ilfues  forth  from  the  axis  or  center  of  the 
trunk.  Upon  viewing  it  with  a  glafs  of  a 
very  great  power,  it  appears  to  be  nothing 
elfe  but  a  contexture  of  longitudinal  fibres, 
parallel  to  one  another. 

The  blood  of  the  great  artery  does  not  as 
yet  reach  the  reproduction  ;  but  it  comes 
clofe  to  the  fedtion  by  means  of  feveral  ramifi¬ 
cations,  opening  into  the  great  vein,  into 
which  it  difcharges  itfelf. 

The  iflue  of  longitudinal  threads  increafes 
in  the  mean  while,  by  the  addition  of  many 
more  fibres  arifing  from  the  tides  ;  and 
growing  larger  in  every  dimenfion,  it  foon 
unites  to  the  membranous  fkin.  It  then 
alfumes  the  form  of  a  finali  flip  or  pyramid; 
the  extremity  of  which  is  that  of  the  tender 
new-born  reproduction,  and  the  balls  re¬ 
mains  engrafted  on  the  trunk. 

The  arterial  blood  then  begins  to  pafs  the 
limits  of  the  feCtion,  and  to  advance  a  little 
way  among  the  new  fibres  ;  but  it  foon 
takes  a  turn  to  the  part  whence  it  came, 
re-enters  the  trunk,  and  by  other  branches 
gets  into  the  large  venous  veflei.  In  pro¬ 
portion  as  the  reproduction  increafes  in  bulk, 
the  large  artery  throws  mere  and  more  blood 

into 
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into  it,  by  means  of  the  increafed  number 
of  its  ramifications,  which  after  fome  da /s 
become  very  confiderable.  The  gre  teft  part 
of  thefe  branches  having  been  carried  on  to 
the  extremity  of  the  tail,  they  all  torn  up 
again  towards  the  trunk:  from  arterial,  they 
become  venous  branchec  ;  and  having  been 
difrributed  by  many  circumvolutions  through¬ 
out  the  whole  extent  of  the  reproduction, 
they  difcharge  all  their  blood,  as  ufual,  into 
the  great  vein.  The  fame  procefs  is  after¬ 
wards  continued  by  the  aforefaid  ramifica¬ 
tions  ;  except  only,  that  as  their  diameters 
increafe,  they  carry,  in  confequence,  a  greater 
quantity  of  blood. 

Hence  arifes  a  very  confiderable  difference 
between  the  circulation  of  the  blood  in  the 
reproduction,  and  that  in  the  original  part.  For 
although  the  two  real  veffels  in  the  original 
part,  viz.  the  artery  and  vein,  do  fend  off 
from  their  fides  fimilar  and  very  fine  rami¬ 
fications,  yet  they  both  keep  themfelves 
quite  diftinCt  from  the  root  to  the  extremity 
of  the  tail;  and,  befides  their  direction,  have 
a  much  larger  fize.  This  happens  whatever 
be  the  age  of  the  tadpole.  On  the  contrary, 
thefe  two  canals,  in  paffing  from  the  old  to 
the  new  parts,  become  lefs,  and  dividing,  as 
was  before  faid,  into  a  vaft  number  of  Ter¬ 
pentine 
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peritine  ramifications,  occupy  the  greatefi: 
{pace  of  the  new  produced  tail. 

It  is  alfo  necedary  to  obferve  that  this  ir¬ 
regularity  in  the  circulation  does  not  only 
take  place  in  the  fird  reproduction,  but  is 
likewife  obferved  in  all  the  fucceeding  new 
tails  of  the  fame  tadpole,  when  mutilated 
over  and  over  again. 

On  confidering  the  new  organifation  with 
regard  to  the  folids,  the  following  phenomena 
prefent  themfelves.  As  to  the  membranous 
ikin,  we  have  already  faid  that  the  new  one 
only  feems  a  continuation  of  the  old,  and 
this,  at  lead:  in  appearance,  is  likewife  the  cafe 
with  the  longitudinal  and  parallel  fibres.  On 
the  untouched  part  of  the  tail,  the  oblique 
mufcles,  which  unite  in  an  angle  at  the 
axis,  form  at  the  fame  time  a  large  bundle 
of  fibres  running  towards  the  lower  part  of 
the  tail,  in  a  direction  parallel  to  the  axis, 
and  this  bundle  remains  cut  by  the  mutila¬ 
tion  of  the  tadpole.  Now,  if  we  examine 
the  reproduction,  when  dill  growing,  befides 
the  evident  regeneration  of  the  oblique  muf¬ 
cles,  we  diali  find  that  the  new  longitudinal 
coincide  and  join  fo  well  with  the  old 
divided  fib  res,  that  the  firft  have  all  the  ap¬ 
pearance  of  being  continued  from  the  laft. 
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Neverthelefs  it  fometimes  happens  that  % 
fmall  fold  or  deviation  from  the  right  line 
Ihews  itfelf  at  the  point  of  union  between 
the  old  and  new  fibres  ;  but  this  blemilh  in 
time  is  either  removed,  or  is  at  leaft  not  fa 
apparent  ;  and  it  is  indeed  very  aftonifoing 
to  fee  the  effect  of  time,  in  making  the  new 
and  the  original  unmutilated  tails  fimilar  to 
each  other. 

* 

/  /  • 

When  the  tadpole  is  fufficiently  advanced, 
the  increafed  opacity  of  the  natural  tail 
prevents  a  microfcopical  view  of  the  vifcera 
inclofed  in  it  $  and  the  fame  obftacle  pre- 
fents  itfelf  in  the  part  where  the  reproduc¬ 
tion  has  been*  This  part  being  formed 
upon  a  trunk  of  fome  thickneff,  is  likewife 
pretty  large  in  its  origin,  and  therefore  not 
an  objeót  of  microfcopical  obfervation.  Dif- 
feótion  however,  here  fteps  in  to  our  aflift- 
ance,  and  fhews  that  nature  proceeds  in  the 
reproduótions  formed  on  the  trunks  of  tails  in 
the  more  advanced  tadpole,  in  the  fame  un¬ 
alterable  way  as  in  thofe  that  are  young,  and 
whofe  tails  are  ftill  tender. 

If,  inflead  of  cutting  off  the  tail  in  this 
manner,  the  membranous  Ikin  be  taken  from 
the  tadpole  at  any  age,  without  touching  the 
mufcles,  another  membrane,  exa&ly  like  the 
former,  lucceeds,  and  upon  removing  this  a 

third. 
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third.  The  order  only  and  pofition  of  the 
venous  and  arterial  ramifications,  differ  from 

1  T 

the  fituation  of  thofe,  which  are  found  wind-* 
ing  in  the  {kins  of  unmutilated  tails. 

The  tadpoles  I  examined,  are  fuch  as  are 
changed  into  frogs  and  toads.  No  twit  h« 
{landing  the  divedi  ty  of  fpecies  of  thefe  two 
animals,  the  organization  of  the  tail  is  elfen- 
tially  alike,  and  the  iffue  of  my  experiments 
was  alfo  the  fame. 


O  F 
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OF  THE  EXISTENCE  OF  THE 
TADPOLES  IN  EGGS  BEFORE 
FECUNDATION. 

I T  is  now  fufficiently  known  to  naturalifts, 
that  the  eggs  of  frogs  and  toads  are  not  fe¬ 
cundated  in  the  maternal  womb,  but  at  the 
time  they  iflue  from  the  mother.  The  male 
gets  upon  her  back,  embraces  and  holds  her 
faft,  with  his  fore  legs  extended  round  about 
her  breaft  ;  and,  performing  the  office  of  a 
midwife,  feizes  the  eggs  of  the  parturient  fe¬ 
male  with  the  toes  of  his  hind  legs,  facili¬ 
tates  their  coming  out,  and  as  they  are  ejeóted, 
fprinkles  and  fecundates  them  with  his  fe mi¬ 
nai  liquor.  To  the  happy  invefligations  of 
the  great  Swammerdam  *  we  are  indebted 
for  this  curious  difcovery,  which  has  linee 
been  fully  confirmed  by  Roefel  •f  in  his  na¬ 
tural  hiftory  of  frogs,  an  elegant  and  famous 
work.  From  this  difcovery  it  is  evident 
beyond  a  doubt  that  the  eggs  of  frogs,  fo 
long  as  they  remain  within  the  body,  are  not 
in  a  fiate  of  fecundation. 


1  fet 
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1  fet  out  with  this  faCt,  when  I  undertook 
to  make  a  particular  and  ftiict  comparison 
between  thofe  unfecundated  eggs  and  others, 
that  have  been  fecundated  by  the  male; 
whatever  the  event  might  be,  either  contrary 
or  favourable  to  the  various  fyftems  on  ge¬ 
neration. 

I  firfl  examined  the  fecundated  eggs  newly 
difcharged  from  the  female,  and  found  them 
inclofed  by  their  mucilaginous  part,  divided 
into  a  number  of  fmall  Spheres,  connected 
and  glued  together.  An  egg  is  placed  in 
the  center  of  each  Sphere  ;  it  is  Surrounded 
by  two  circular  delicate  and  concentric 
membranes,  a  little  diftant  from  each  other, 
and  eafily  difcernible  with  the  eye,  on  ac¬ 
count  of  the  infinite  transparency  of  the  fmall 
mucilaginous  Spheres.  On  piercing  the  mem¬ 
brane  neareft  to  the  egg,  there  follows  a  fmaH 
drop  of  a  watery  fluid,  in  which  the  egg 
always  floats. 

The  egg  being  freed  from  its  concentric 
membranes,  and  its  mucilage,  appears  per¬ 
fectly  round,  has  a  beautiful  luftre,  and  a 
finooth  flippery  furface,  one  half  of  which  is 
blackifh,  and  the  other  whitilh.  On  prick¬ 
ing  it  with  a  needle,  a  half  fluid  and  vifcid 
fubftance  of  a  pale  yellow  color  oozes  from 
it.  If  a  larger  opening  is  made,  a  greater 

D  3  quantity 
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quantity  of  this  fubftance  comes  out;  foc$ 
after  this  the  egg  fhrinks  and  fhrivels  up, 
and  being  at  laft  entirely  emptied  of  its  con¬ 
tents,  nothing  remains  befides  the  dfy,  doublé 
colored  Ikin,  which  beipg  left  to  itfélf,  liquid 
fies  and  diffolves.  , 7 

The  y  ellowith  matter  being  viewed  through 
a  lens,  appears  compofed  of  an  infinite  num-* 
ber  of  roundifh  particles  of  the  fame  colour. 
It  unites  and  incorporates  with  a  drop  of 
water,  and  gives  it  its  tind.  When  the 
eggs  are  hardened  with  fpirit  of  wine,  or 
boiling  water,  the  internal  parts,  being  ex¬ 
amined  with  the  greateft  attention,  give  no 
marks  of  organization.  When  foftened  again 
and  diffolved  in  water,  the  round  yellowiih 
particles  are  again  apparent.  This,  in  fhort, 
is  the  analyfis  I  made  of  eggs  newly  laid  by 
frogs,  and  impregnated  by  the  male. 

I  then  proceeded  di  redly  to  examine  thofe 
éggs,  which  frill  remained  in  the  body  of  the 
frog,  and  confequently  were  not  fecundated. 
The  firft  frog  I  opened  was  in  the  ad  of  co¬ 
pulation;  all  her  eggs  were  already  defcended 
into  the  womb,  excepting  four  or  five,  which 
itili  remained  in  the  oviduds,  and  two  or 
three  in  the  ovaries.  Thefe  contained  more» 
over  a  very  large  quantity  of  immature  eggs, 
po  bigger  than  poppey  feeds,  and  of  a  dark 

hue. 
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hue*  The  ufual  gelatinous  matter  was  not 
yet  found  furrounding  the  eggs  of  the  ova¬ 
ries,  but  it  did  encompafs  thole  of  the  ovi¬ 
ducts,  and  much  more  thofe  that  had  already 

got  into  the  womb. 

\ 

Thefe  laft  were  in  great  abundance,  a^d 
upon  a  clofe  examination,  appeared  not  to 
differ  in  the  leali  from  the  fecundated  eggs 
examined  before.  Befides  that  the  nature 
and  lize  of  the  vifeid  lpheres  was  perfectly 
fimilar,  that  the  pofition,  figure,  and  colour 
of  the  two  membranes  were  exaCtly  alike,  and 
that  the  liquor  contained  in  the  membrane 
neareft  the  egg  was  the  fame,  there  was  no 
circumflance,  by  which  the  unfecundated 
eggs  might  be  diftinguifhed  from  thofe  that 
were  fecundated.  No  difference  could  be 
obferved  in  their  fize,  roundnefs  and  furface, 
or  in  their  colour  and  fkin.  The  inclofed 
fluid  iffued  with  the  fame  facility  from  this 
egg,  when  pierced  with  a  needle,  and  the  na¬ 
ture,  property  and  characteristics  of  this  fluid 
were  the  fame.  In  Ihort,  if  I  had  not  been 
convinced  that  the  firft  eggs  were  fecun¬ 
dated,  and  that  the  laft  were  not,  it  would 
have  been  impoffible  to  find  it  out  from  the 
moft  attentive  analyfis  and  the  moft  accurate 
comparifon.  I  therefore  was  obliged  to  ad¬ 
mit  of  the  moft  perfect  fimilarity  between 
eggs  in  thefe  two  different  ftates. 

D  4 
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The  fame  conclufion  was  deduced  froir$ 
my  examination  of  many  more  frogs  which 
I  opened.  There  was  only  this  trifling 
difference  to  he  pbferved,  that  the  eggs  of 
thofe  females,  who  had  not  yet  fuffered  the 
embraces  of  the  male,  befides  being  confined 
within  the  ovaries,  and  feme  thing  fmaller  on 
account  of  their  being  lefs  advanced,  were 
alfo  deprived  of  the  mucilage,  which  they 
take  up5  as  it  is  well  known,  on  paffing 
through  the  long  and  intricate  convolutions 
of  the  ovidudt. 

In  order  to  compleat  the  companion  I  had 
begun  between  thefe  two  fpecies  of  eggs, 
the  changes,  which  were  afterwards  to  take 
place  in  them,  were  now  to  be  examined. 
As  to  the  unfecundated  eggs,  they  only  fpoil, 
diffolve,  and  come  to  nothing.  Little  by 
little  the  rpucilage  feparates,  the  membranes 
Ihrivel,  break,  and  difappear,  and  the  eggs, 
after  wafling  away,  fpon  break  into  feveral 
pieces,  which  are  fcattered  about  the  fur-* 
face  of  the  water.  But  the  cafe  is  very  dif¬ 
ferent  with  the  fecundated  eggs.  Round  as 
they  were  before,  they  lengthen  firft  without 
growing  bigger,  but  afterwards  with  an  evi¬ 
dent  increafe  of  bulk.  The  fuperficies  ofHhc 
whitifh  half  grows  fomewhat  darker,  and  on 
the  blackilh  part  there  foon  appears  a  flight 
Jpngitudinal  furrow,  bounded  by  two  rifings, 

which 
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^which  extend  in  a  right  line  over  the  greater 
diameter  of  the  lengthened  egg.  In  propor¬ 
tion  to  its  increafe,  the  internal  membrane 
dilates  itfelf,  and  contains  a  larger  quantity 
of  fluid. 

i 

The  fmall  furrow  with  its  rifings  grows 
longer,  and  foon  after  difappears  on  one  fide 
of  the  egg.  This  ftill  keeps  up  the  form 
of  a  lengthened  fphere,  but  has  on  one  fide 
of  the  elongated  part  a  kind  of  ftalk,  or 
fmall  appendix.  The  oppofite  or  deep  co¬ 
loured  white  part  of  the  egg  retains  its  color, 
but  fwells  a  little.  The  other  blackifh  part 
is  thrown  into  a  curvature,  the  little  appen¬ 
dix  lengthens,  and  fhews  itfelf  then,  al¬ 
though  more  confpicuoufly  fome  time  after, 
to  be  nothing  elfe  but  the  tail  of  the  tadpole; 
the  black  curvature  turns  out  to  be  its  back, 
and  the  fwelling  on  the  oppofite  part  its 
belly. 

In  fa<ft,  the  part  oppofite  to  the  tail  then 
puts  on  an  appearance  fo  much  refembling 
the  head  of  the  tadpole,  that  it  cannot  be 
miftaken.  On  the  fore  part  of  his  head  the 
form  of  the  eyes  is  to  be  feen,  although  ftill 
clofe;  thetwo  fmall  buttons  like  prominences 
allo  fhew  themfelvcs,  by  which  the  animal, 
when  tired  with  fwimming,  faftens  itfelf  to 
bodies,  even  fuch  as  are  fmooth.-  The  be¬ 
ginning 
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ginning  of  an  opening  for  the  mouth  like- 
wife  manifefts  itfelf  ;  and  laflly,  the  two 
gills  become  apparent,  and  the  blood  is  feen 
flowing  within  their  fubftance. 

In  thefe  early  times  the  animal  gives  yet 
no  fign  of  life,  either  in  moving  or  twilling 
itfelf,  if  pricked  with  a  needle,  or  fuddenly 
expofed  to  the  rays  of  the  fun,  even  when 
concentrated  by  a  lens»  Thefe  impreffions 
indeed  excite  great  feelings,  in  a  more  ad¬ 
vanced  ftate  of  the  organs  ;  which,  acqui- 
ring  a  greater  firmnefs  and  ftrength,  en¬ 
able  the  tadpole  to  break  through  its  con¬ 
fining  envelopes,  and  to  fwim  freely  in  the 
water. 

Such  are  the  phenomena,  which  gradu¬ 
ally  make  their  appearance  in  the  fecundated 
eggs.  Hence  it  mull  be  obvious,  that  thefe 
are  not  properly,  as  was  imagined  before, 
the  eggs  from  which  the  tadpole  grows,  but 
rather  the  tadpoles  concentrated  and  coiled 
up  in  themfelves. 

This  important  fa£t  is  Hill  more  fully  ella- 
bli ilied  by  the  perfeót  fimilarity  between  the 
parts  compofing  the  internal  fubftance  of 
the  fecundated  egg,  from  the  time  it  begins 
to  lengtlien,  to  the  manifeft  developement  of 
the  tadpole,  and  the  parts  found  in  the  fame 
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egg  before  it  begins  to  unfold  itfelf.  We 
fhall  give  the  mod  authentic  and  indifputable 
proofs  of  this  fimilarity  in  due  time. 

It  appears  therefore  plainly,  that  the  tad¬ 
poles  exift  before  fecundation,  which  moil 
interefting  truth  may  for  the  fake  of  preci- 
fion  be  thus  demonftrated.  The -unfecun¬ 
dated  eggs  do  not  differ  in  the  leaft  from 
thofe  that  are  fecundated  ;  thefe  laft  are 
nothing  elfe  but  the  tadpoles  themfelves 
coiled  up  and  concentrated  ;  the  fame  is 
therefore  equally  true  of  the  unfecundated 
eggs  ;  and  consequently  the  tadpoles  exift 
before  fecundation,  and  require  only  the  fe¬ 
cundating  liquid  of  the  male  to  unfold  them-* 

felves, 

* 

Hence  it  follows,  that  frogs  ought  not 
to  be  reckoned  among  the  oviparous  clafs  of 
animals,  as  naturalifts  have  ranged  them, 
but  that  they  more  properly  belong  to  the 
viviparous  clafs.  Indeed  they  would  rather 
feem  to  conftitute  a  feparate  clafs,  from  the 
circumftance  of  their  fetufes  not  fhewing 
the  form  and  features  of  their  fpecies  before 
they  are  come  to  light.  Thus  nature  feems 
to  delight  in  diverfifying  the  modes  of  animal 
generation. 


I  would 
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1  would  not,  however,  have  the  word  egg 
entirely  laid  afide,  as  it  feems  convenient 
enough  to  diilinguifh  the  immature  tadpoles, 
under  the  form  of  fmall  eggs,  from  thofe 
that  are  already  difclofed,  and  fhew  their 
real  make. 

I  V 

The  prefent  difeovery  leads  on  to  other 
truths,  which  throw  fome  light  upon  the 
obfcurities,in  which  the  fyftem  of  generation 
is  involved.  I  diali  for  the  prefent  only 
mention  briefly  one  of  thefe  truths.  The 
moft  efteemed  naturalifts  obferve,  that  the 
firft  conflituent  parts  of  birds  known  to  us, 
do  not  difclofe  before  the  operation  of  the 
male.  Hence  they  infer  that  the  feminal 
fluid  ferves  both  as  a  ftimulating  and  a  nu¬ 
tritious  juice  to  the  germ.  Before  fecunda¬ 
tion,  the  fmall  heart  of  the  germ  wants  force 
fufficient  to  overcome  by  its  impulfe  the  re- 
flftence  of  the  folids.  This  force  it  receives 
from  the  fecundating  liquor,  which  fti- 
mulates,  gently  irritates,  and  obliges  the 
heart  to  propel  with  greater  power  the  fluids 
through  the  fmalleft  canals.  The  fame  liquid 
afterwards  becomes  nutritious,  bringing 
about  the  developement  of  the  germ,  which 
implies  nourifhment. 

It  is  evident  from  my  obfervations,  that 
this  noble  and  ingenious  theory  cannot  uni- 

verfally 
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verfally  be  received  in  regard  to  the  great 
work  of  generation.  The  tadpoles,  or  if  you 
pleafe,  the  eggs  of  tadpoles,  unfold  them- 
lelves  confiderablv  before  fecundation.  One 
of  thefe,  when  in  the  uterus,  is  at  leaft  three 
times  bigger  than  the  fame,  while  ftill  at¬ 
tached  to  the  ovaries.  There  are  animals 
therefore,  the  germs  of  which  are  not  dif- 
clofed  at  firft  by  the  fpermatic  fluid,  but  by 
the  juices  of  the  mother,  and  fince  this  un¬ 
folding  or  increafe  of  bulk  is  performed  by 
nutrition,  which  mu  ft  imply  a  circulation  of 
fluids,  and  that  fuch  a  circulation  cannot  be 
carried  on  without  the  addon  of  the  heart, 
we  are  obliged  to  infer  that  thefe  maternal 
juices  are  themielves  that  kind  of  ftimulufs 
which  the  feminal  liquor  is  luppofed  to  be  in 
birds.  Gonfequently  the  heart  in  the  germ 
of  the  tadpole,  muft  beat  fufficiently  to 
produce  a  circulation  of  fluids,  without  aa 
infuperable  impediment  from  the  folids. 


But  if  tadpoles  are  already  animated  by 
the  a'dion  of  the  heart,  if  they  have  ac¬ 
quired  a  confiderable  increafe  of  fize  before 
they  come  to  light,  how  happens  it  that, 
without  the  intervention  of  the  male  feed, 
they  ceafe  to  grow,  and  perifh,  notwith- 
flanding  the  liquor  in  which  they  fwim,  and 
which  is  certainly  their  nourifhment  in  the 
firft  periods  of  life  ?  If  the  afliftance  of  the 

feminal 
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feminal  liquor  is  neceffary,  in  what  does  its 
efficacy  confili  ?  What  are  the  proper  and 
diftinguiffiing  charadterifticks  of  this  liquor? 
As  it  fecundates  the  young  tadpole  fetufes  in  a 
particular  manner,  that  is,  after  their  coming 
out  of  the  womb,  does  it  perchance  differ  in 
its  method  of  adting  from  the  femen  of  other 
animals  ?  How  is  the  fecundation  of  frogs 
eggs  brought  about  ?  Are  there  any  open¬ 
ings,  or  holes  for  fudtion  on  their  external 
furface,  to  be  difcovered  by  means  of  a  very 
powerful  magnifier,  by  which  the  feminal 
fluid  may  be  internally  abforbed  ?  Again, 
lìnee  this  liquor  adts  externally,  could  not 
the  eggs  of  frogs  be  fecundated  artificially, 
by  fprinkling  them  before  fecundation,  with 
the  liquor  extracted  from  the  fpermatic  vef- 
fels  of  the  male  ?  What  would  happen  if 
this  liquor  was  ufed  to  fprinkle  the  eggs  of 
fiflb,  which  are  commonly  fuppofed  to  be 
fecundated  in  the  fame  manner  as  thofe  of 
frogs  ?  What  would  follow  from  fprinkling 
the  eggs  of  frogs  with  the  feminal  fubftance 
or  the  foft  rows  of  fifh  ? 

The  elucidation  of  thefe  queftions  en¬ 
couraged  me  to  attempt  others.  Thefe  ex¬ 
periments  werp  too  curious  and  interefting 
not  to  be  varied  in  leverai  ways.  The  fe¬ 
cundation  of  our  frogs  eggs  requires  the  af~ 
jiftance  of  the  the  males  only  at  the  time 
3  when 
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? 

when  they  are  emitted  from  the  body  of  the 
females.  Why  therefore  the  continuation 
of  thefe  tenacious  and  amorous  embraces* 
which  fometimes  laft  forty  days,  according 
to  the  obfervations  of  the  indefatigable 
Swammerdam  ?  *  Do  they  ferve  to  exprefs 
the  eggs  from  the  ovaries,  and  to  facilitate 
their  defcent  through  the  oviduds  to  the 
womb  ?  When  the  frogs  are  by  chance  dis¬ 
turbed  in  this  amorous  conflid,  during  the 
efforts  of  the  males,  and  are  obliged  to  keep 
to  themfelves,  do  they  (till  lay  their  eggs  ? 
Do  thofe  who  were  never  compreffed  by  the 
males  alfo  depofit  their  eggs  ? 

The  eggs  of  toads,  which  form  a  firing 
of  about  two  feet  in  length,  are,  according 
to  Roefel,  fecundated  in  the  fame  man¬ 
ner  as  thofe  of  frogs.  But  what  fhall  we  fay 
of  thefe  horrid  and  enormous  inonfters,  when 
compared  to  other  toads,  whofe  females  dii- 
charge  at  once  many  thoufands  of  eggs ?  I 
fhall  not  fail  defcribing  what  I  obferved  in 
regard  to  their  copulation,  and  to  compare 
my  difcoveries  about  the  origin  of  the  young 
ones  of  that  fpecies,  with  the  finali  account 


*  Biblia  Naturae, 
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given  of  this  matter  by  Valifneri*;  In  this 
difcourfe  I  lhall  like  wife  fpeak  of  the  judi¬ 
cious  care  the  females  take  of  their  eggs,  of 
the  choice  of  the  water  in  which  they  de- 
pofit  them,  and  of  the  furprizing  power  the 
mucilage  has  of  preferving  thefe  eggs. 

•  Tom.  i.  Iflqria  del  Cameleonte  Africano. 
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REPRODUCTIONS  OF  THE  HEAD 
AND  OTHER  PARTS  IN  THE 
LAND  SNAIL,  AND  OF  THE 
HORNS  IN  THE  SLUG. 

JL  H  E  head  of  the  fnail  is  more  compii-* 
cated  than  I  imagined.  It  has  a  brain  of 
confiderable  bulk,  confiding  of  two  lobes, 
united  in  the  middle.  From  the  lower  part 
of  the  brain,  or  that  towards  the  body,  two 
very  remarkable  nerves,  which  are  only  a 
bifid  medulla  fpinalis,  iflfue  forth  ;  ten  other 
nerves  take  their  courfe  towards  the  upper 
part,  diffufe  themfelves  through  the  head, 
and  fome  of  them  throw  out  many  ramifi¬ 
cations.  Four  of  thefe  ten  nerves  are 
placed  within  the  four  horns  of  the  fnail  ; 
and  the  two  belonging  to  the  large  horns 
are  very  beautiful.  At  the  top  of  their  extre¬ 
mity,  which  fpreads  out  into  a  bulbous  form, 
the  two  eyes  of  this  reptile  are  placed-.  In 
each  of  thefe  eyes  we  may  difcern  five  parts; 
viz.  two  coats,  and  three  humors  ;  the  aque-* 
©us,  the  criftalline,  and  the  vitreous* 

The  various  and  ftrange  motions  of  the 
head  require  the  affiftance  of  a  great  number 
gf  mufdcs.  Each  horn  is  fumifhed  with 

£  a  par** 
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a  particular  mufcle,  by  which  the  animal 
draws  it  in,  and  hides  it  within  its  head  at 
pleafure. 

The  fnail,  befides  its  mouth,  has  lips  be¬ 
longing  to  it,  a  tongue,  a  palate,  a  ftomach, 
teeth,  &c.  Thefe  teeth  are  of  a  horny  fub- 
itance  ;  and  being  cloiely  united  to  one  ano-* 
ther,  ieem  to  form  but  one  tooth. 

This  multiplicity  of  parts,  which  com- 
pofe  the  head  of  the  fnail,  were  clearly 
difeovered  by  Swammerdam’s  diifedions.  I 
found  that  his  obfervations  were  true,  and 
thought  proper  to  mention  thefe  few  parti¬ 
culars,  in  order  to  (hew  that  the  reproduc¬ 
tion  of  the  head  in  fnails  has  in  it  fomething 
very  fingular  and  great  :  but  this  will  ap¬ 
pear  ftill  more  evidently  from  an  account  of 
the  fads. 

In  the  firft  place,  fnails  can  reproduce 
their  horns  •>  and  as  this  operation  differs 
from  any  other  in  the  manner  in  which  it 
is  performed,  it  throws  new  lights  upon 
the  theory  of  animal  reproduction.  Upon 
the  trunk  of  other  animals  appears  a  fmall 
cone  or  flip,  the  bails  of  which  is  at  firft 
without  any  comparifen  lefs  than  that  of  the 
trunk  ;  and  the  difference  is  only  removed 
in  procefs  of  time» 

The 
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The  cafe  is  not  the  fame  when  the  fnaiiVs 
horns  have  been  cut  off*.  The  trunk  itfelf 
becomes  roundifh,  like  a  fmall  knob,  of  a 
lighter  color  than  the  reft  of  the  horn. 
This  knob  grows  bigger;  its  color  becomes 
deeper;  and  from  the  top  of  it,  if  it  is  a 
large  horn,  fprings  forth  a  black  point, 
which  is  the  eye  of  the  fnail.  In  the  mean 
while,  the  mutilated  horn  increafes  in  fize, 
and  after  fome  time  equals  that  which  has  not 
been  touched.  This  reproduction  feems  at 
firft  fight  to  be  nothing  elle  but  a  prolong¬ 
ation  of  the  trunk.  The  color  of  the  new 
part  is  at  firft  lighter  thanthat  of  the  old  one. 
The  reproduction  of  the  two  fmall  horns  is 
carried  on  in  the  fame  manner. 

Nature,  however,  does  not  always  proceed 
in  the  fame  way  in  the  production  of  thefe 
horns.  It  frequently  happens,  that  the 
trunk,  inftead  of  becoming  round,  grows 
tapering  into  a  point,  and,  in  appearance, 
longer.  From  the  top  of  this,  the  black 
point  or  eye  is  feen  to  fqueeze  out.  The 
point  afterwards  fpreads,  and  changes  into 
a  fmall  globe.  The  eye  appears  at  top, 
and  the  reft  of  the  procefs  is  the  fame  as 
before.  If  it  be  afked,  whether  the  number 
of  the  conftituent  parts  is  exactly  the  fame 
in  the  old  and  newborn  ?  the  anfwer  is,  that 
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by  the  niceft  diffedion  no  difference  can  be 
found. 

j  . 

But  does  this  reprodudion  conftantly  fuc«* 
ceed,  whatever  be  the  number  of  the  horns 
taken  off,  and  in  whatever  fituation  they  are 
cut  ?  As  nature  deviates  here  from  her 
ufual  method  of  proceeding  in  other  repro- 
dudions,  fo  it  will  be  feen,  that  fhe  does 
not  always  anfwer  the  obferver’s  expeda- 

tions0 

;  < 

If,  inftead  of  the  horns  alone,  the  head 
of  the  fnail  is  quite  cut  off,  a  new  one  will 
iucceed.  But  here  again  the  reprodudion 
is  performed  in  a  lingular  manner.  When, 
for  inftance,  an  earth-worm  lofes  its  head 
or  tail,  the  fucceeding  reprodudion  is  an 
entire  organic  body  ;  that  is  to  fay,  a  part 
in  miniature  exadly  fimilar  to  that  which 
was  cut  off,  and  wanting  only  a  farther  un¬ 
folding  of  its  rings. 

i 

On  the  contrary,  what  appears  on  the 
trunk  of  a  fnail,  is  not  an  entire  organic 
body,  containing  at  once  all  the  parts 
which  conftituted  the  head  that  was  cut  off. 
But  thefe  parts  are  often  made  feparately  at 
firft,  or  grow  piece  by  piece  at  different  in¬ 
tervals  ;■  and  a  pretty  long  time  is  required 
%o  unite  and  confolid^te  them  into  one  mafs, 

very 
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Very  little,  if  at  all,  diffimilar  From  the  ori¬ 
ginal  pattern.  Some  inftances  I  am  going 
to  mention  will  make  this  more  clear. 

Sometimes  the  reproduction  appears  like 
a  fmall  round  body,  containing  the  primary 
parts  of  the  two  lips*  and  of  the  fmall  horns, 
which  are  united  to  the  mouth  and  to  the 
new-formed  tooth.  The  little  round  body 
is  placed  on  the  centre  of  the  trunk  like  a 
fmall  ball,  refting  by  fome  few  points  upon 
a  fubjacent  plane.  The  other  parts,  as  the 
large  horns,  and  the  fere  part  of  the  foie  or 
foot  of  the  fnail,  which  in  the  unmutilated 
animal  are  contiguous  to  the  head,  will  be 
entirely  wanting.  Another  trunk  fhewà 
the  larger  horn  on  the  right  fide  more 
than  one  tenth  of  an  inch  long,  already 
provided  with  its  eye  *  and  undef  this,  at 
fome  diftance,  the  firft  lineaments  of  the 
lips  appear  feparately.  The  reproduc¬ 
tion  in  a  third  fnail  is  a  group  of  three 
horns  *  two  of  which  are  already  arrived  to 
their  natural  length,  while  the  third  is  ftill 
but  juft  above  the  fkin.  Some  fnails  only 
reproduce  at  firft  a  fmall  knob*  which  is 
nothing  but  the  firft  mark  of  the  lip.  Others 
are  already  provided  with  the  whole 
head,  wanting  only  one  horn,  or  more.  Iii 
others,  the  reproduction  begins  by  the  two 
large  horns  fpringing  from  the  trunk,  or  by 
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tfte  fmall  horns,  or  by  one  large  and  one 
finali  horn. 

Again,  fome  (hew  nothing  but  the  trunk, 
without  any  true  fign  of  reproduction,  al¬ 
though  the  head  was  taken  off  at  the  fame 
time  with  others,  from  which  fuch  a  num¬ 
ber  and  variety  of  organs  came  forth,  as 
were  juft  now  defcribed.  On  the  con¬ 
trary,  in  fome  fnails  there  is  no  difference 
between  the  head  which  was  cut  off,  and 
that  which  is  newly  produced,  except  an 
afh-coloured  line  perpendicular  to  the  axis 
of  the  head,  pointing  out  exadly  the  mark 
left  by  the  fciffars  in  taking  off  the  head  of 
the  fnaih 

This  mark  is  not  always  a  Ample 
line.  Sometimes  there  appears  a  deep  ca¬ 
vity,  conftantly  of  a  white  color,  perpendi¬ 
cular  to  the  axis  of  the  neck,  or  oblique, 
according  to  the  direction  in  which  the  lec¬ 
tion  has  been  made.  In  this  laft  cafe  it 
fometimes  happens,  that  on  the  fide  where 
the  greateft  portion  of  the  head  has  been  cut 
off,  the  cavity  will  be  much  larger  5  and  in 
fome  fnails  an  enormous  gap  will  be  feen  on 
one  fide,  while  nothing  appears  on  the 
other,  except  perhaps  the  mark  of  the  afh- 
coloured  line. 
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Though  thefe  cavities  fill  up  in  procefs  of 
time,  yet  the  mark  of  the  feCtion,  or  the 
line  juft  mentioned,  is  feen  upon  the  neck 
of  fome  fnails,  two  years  after.  Even  after 
lb  long  an  interval,  the  reproduction  of  the 
head  is  not  quite  completed  in  fome  :  one 
or  feveral  horns  may  be  wanting;  they  may 
not  all,  be  come  to  their  natural  fize, 
ór  they  will  appear  full  of  tubercles, 
and  monftrous.  Such  appearances,  con- 
fifting  of  an  unnatural  pofition  of  the 
newly-generated  parts,  have  frequently  oc¬ 
curred. 

I  have  here  given  a  fpecimen  of  the  Angular 
varieties, which  are  obferved  in  the  reproduc¬ 
tion  of  fnail’s  heads,  although  cut  off*  all  at 
the  fame  time.  But  are  thefe  Angularities 
to  be  reckoned  defeCts  or  lufus  of  nature,  or 
Ihould  they  rather  only  be  confidered  as 
Angularities  in  appearance,  and  really  foun¬ 
ded  upon  conftant  and  invariable  laws  ? 
Should  we  be  induced  to  think,  that  the 
circumftances  of  the  leCtion,  with  regard  to 
greater  or  lefs  depth,  or  a  difference  in  the 
obliquity  of  the  divifion,  will  determine  the 
laws  by  which  the  future  reproduction  is 
to  proceed  ;  and  confequently,  that  an  at¬ 
tentive  and  minute  examination  will  at  laft 
difcover  to  us  the  whole  fyftem  of  thefe 
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laws,  fo  as  to  enable  us  to  accpunt  for  thcfe 
feeming  oddities  ? 

.  0  •  ’  ; 

.  The  ufe  which  the  fnails  made  of  their 
reproduced  heads  in  eating,  feemed  to  be  a 
certain  proof  that  all  the  conftituent  parts 
of  the  head  were  regenerated.  But  yet  I 
thought  proper  to  afcertain  this  point  by  dif~ 
fedion*  By  this  I  obtained  infallible  proofs 
that  the  new  head  is  perfedly  well  provided 
not  only  with  the  fimilar  and  diffimilar  parts 
fir  ft  mentioned,  but  alfo  with  many  others 
which  I  filali  defcribe  fomewhere  elfeji 
and  which,  joined  to  the  former,  make 
up  the  complete  head.  Hence  it  was  alfo 
evident,  that  each  of  the  new  parts  is  fo 
well  united  and  inofculated  with  the  old 
ones,  that  nobody  would  fufped  the  fnail 
to  have  ever  been  mutilated,  except  by  the 
afh-coloured  line  which  runs  acrofs  its  neck. 

The  fame  effeds  followed  from  fedionS 
above  or  below  the  brains,  or  through  the 
medulla  fpinalis.  In  this  laft  cafe,  a  part  of 
the  medulla  is  fupplied,  together  with  a 
new  brain  ;  from  which  the  ten  nerves  be¬ 
fore  mentioned  proceed. 

.  The  reproduction  of  the  head  having  thus 
been  obtained,  it  was  natural  to  think,  that 
the  fnail  would  recover  other  parts  lei's  com- 

i  *  v*  _  A 
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plicated  than  this.  Such  are  that  projecting 
collar,  which  furrounds  and  adorns  the  neck* 
when  the  animal  is  out  of  its  ihell,  and  the 
flat  and  large  foot,  on  which  the  body  fup- 
ports  itfelf  in  its  motions.  Thefe  two  parts 
grow  again  perfectly  after  having  been  cut 
off* 

But  is  the  power  of  recovering  parts,  fe« 
parated  in  this  manner,  common  to  all  the 
fpecies  of  land  fnails  ?  In  all  thofe  I  have 
examined,  the  reproduction  has  always  taken 
place  :  but  there  is  one  fpecies  I  fliall  more 
particularly  defcribe,  as  being  privileged  by 
nature  in  a  particular  manner. 

The  naked  flugs,  whofe  manner  of  ge- 
nerating  has  been  fo  elegantly  defcribed  by 
Redi*,  deferved  likewife  to  be  examined. 
But  my  inveftigations  of  the  fnail  left  me 
but  little  time  to  beflow  on  them.  The  few 
experiments  I  made  amount  to  this,  that  they 
are  upon  a  par  with  the  fnails  in  the  repro¬ 
duction  of  their  horns  ;  but  in  that  of  the 

head  feem  to  be  much  inferior. 

-  .  .  »  .  . 

*  Degli  Animali  viventi  negli  Animali  viventi. 
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REPRODUCTIONS  OF  THE  TAIL 
IN  THE  AQUATIC  SALAMAN¬ 
DER. 

Th  E  wonderful  things  afferted  of  the 
Salamander,  its  terrible  poifon,  and  the  pre¬ 
tended  privilege  which  has  been  given  to  it 
of  living  unhurt  in  fire,  have  been  entirely 
difproved  by  the  obfervations  of  curious 
and  unprejudiced  philofophers  *.  This  ani¬ 
mal  will  now  appear  in  a  much  higher  light, 
and  become  more  properly  the  objedt  of  our 
admiration.  If  a  finali  lizard  excites  our 
wonder,  by  the  power  of  reproducing  its 
tail,  and  lobfters  or  craw-fifh  by  the  reco¬ 
very  of  their  claws,  how  much  more  fhould 
the  falamander  be  admired,  who,  befides 
other  parts,  may,  as  I  have  difcovered,  re¬ 
pair  the  lofs  of  both  its  tail  and  its  legs  ? 
This  regeneration  is  fo  much  more  furprif- 
ing  than  that  which  takes  place  in  the 
craw- nib  and  finali  lizard,  as  the  firudture 
of  thefe  parts  in  the  falamander  is  infinitely 
more  complicated  and  refined. 

Our  aflonifhment  does  not  end  here.  The 
tail  of  the  falamander,  befides  a  compleat 

*  Maupertuis  Mem.  de  l’Acad,  dea  Scien.  de  1726; 
Valifneri  del  Camaleonte  Africano. 
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apparatus  of  nerves,  mufcles,  glands,  blood- 
veffels,  &c.  is  furnifhed  with  vertebrae  of 
real  bony  matter,  and  their  legs  do  not  dif¬ 
fer  from  thofe  of  the  mod:  perfect  animals, 
in  the  number  of  the  bones  of  which  they 
are  compofed.  Now  when  the  legs  and  tail 
of  this  animal  are  taken  away,  new  verte¬ 
brae,  new  bones  are  produced  ;  a  pheno¬ 
menon  as  wonderful,  as  it  is  hitherto  un¬ 
known.  But  before  I  defcribe  thefe  regene¬ 
rations,  it  will  be  neceffary  to  premife  fome 
obfervations  about  the  nature  and  proper¬ 
ties  of  this  reptile. 

■  j,  .  - 

Mr.  Du  Fay  reduced  to  three  fpecies  all 
the  falamanders  which  are  found  about 
Paris  *.  Whatever  pains  I  have  taken,  I 
have  not  been  able  to  meet  with  thefe  three: 

w 

but,  on  the  other  hand,  have  difcovered 
fome  of  a  different  kind.  It  appears  there¬ 
fore,  that  the  fpecies  of  Salamanders  vary 
according  to  the  nature  of  the  climates. 
Thofe  I  have  examined  I  chufe  to  call  aqua¬ 
tic,  as  I  always  found  them  in  the  water. 
They  can  however  live  out  of  it,  and  even 
live  well.  I  have  alio  been  told  by  perfons 
of  veracity,  that  in  the  winter  they  have 
iometimes  been  found  in  holes  under  ground, 
and  under  the  turf  ;  fo  that  if  any  body 

*  Du  Fay  Mem,  de  l’Acad.  des  Sc.  de  1729. 
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eìiufes  rather  that  they  fhould  be  called  am¬ 
phibious  animals,  I  fhould  hardly  think  it 
necefifary  to  difpute  about  it. 

My  falamanders  keep  alive  for  a  confiderà 
able  time  under  water;  but  they  die  at 
laft,  although  fooner  in  one  feafon  than  in 
another  :  air  is  therefore  necefifary  for  them. 
To  afcertain  this,  I  made  fome  experiments 
with  the  air-pump  ;  fometimes  having  the 
falamanders  dry  in  the  vacuum,  and  fome¬ 
times  keeping  them  under  water  in  the  faid 
vacuum.  The  fame  experiments  have  been 
made  with  frogs,  in  order  to  compare  the 
nature  of  thefe  different  animals. 

The  notion  that  falamanders  can  live  in 
the  fire  is,  as  we  have  faid,  a  mere  fable. 
But  do  they  bear  it  better  than  other  ani¬ 
mals  ?  What  degree  of  heat  deffroys  them  ? 
This  was  not  yet  known  ;  and  I  endeavoured 
to  come  at  the  truth,  by  expofmg  the  fala¬ 
manders  to  the  fun-beams  in  dimmer,  either 
on  the  ground,  or  in  water.  I  encreafed,- 
by  degrees,  the  heat  of  the  water  in  which 
they  were  confined,  by  putting  fire  under  it. 
At  laft  I  tried  them  with  hot  embers  ;  and 
found,  by  the  help  of  the  thermometer,  that 
thefe  creatures  can  hardly  bear  the  fame  de¬ 
gree  of  heat,  which  is  borne  by  other  animals 

of 
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pf  the  terreftrial,  amphibious,  and  aquatic 
kind. 

Mr.  Du  Fay  obferved,  that  they  refill 
cold  much  better  than  heat  Having  put 
them  in  water,  and  made  that  water  freeze, 
fo  that  they  were  furrounded  with  ice,  he 
found  that  they  hill  kept  alive.  This  expe¬ 
riment  deferved  to  be  repeated  and  impro¬ 
ved.  I  diali  therefore  fhew  what  degree  *&£ 
cold  they  can  bear  without  dying  ;  and  it 
will  appear,  that  as  there  is  nothing  mar¬ 
vellous  in  the  power  of  the  falamander  (at 
lead:  of  thefe  of  our  country)  in  relifting 
heat  ;  fo  the  power  of  relifting  cold  is  fo  far 
from  being  more  confiderable  in  them,  that 
on  the  contrary,  they  can  bear  it  lefs  than 
many  other  animals* 

Thefe  experiments  brought  on  others  of 
the  fame  kind.  It  is  well  known,  that  not 
only  infedls,  but  many  animals,  commonly 
called  perfedt,  pafs  the  winter  in  a  kind  of 
torpor  or  deep,  which  ties  and  benumbs 
their  limbs  in  fuch  a  manner,  as  to  make 
them  incapable  of  performing  any  of  the 
functions  of  the  body.  Such  are  dormice, 
bats,  marmots,  frogs,  &c. 

*  Ibid, 
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Salamanders  are  in  the  fame  clafs.  The 
immediate  caufe  of  this  lethargy  is  by  phi  « 
lofophers  attributed  to  the  exceeding  flow 
motion  of  the  fluids,  which  being  congealed 
to  a  certain  degree,  probably  can  no  longer 
circulate,  except  in  the  large  veffels*  This 
opinion  was  very  plaufible,  but  flail  wanted 
to  be  confirmed  by  experience.  I  therefore 
made  feveral  trials,  not  only  on  falamanders, 
but  likewife  upon  feveral  other  animals  of 
cold  blood,  as  they  are  called.  In  order  to 
procure  the  belt  lights,  I  thought  proper  to 
examine  this  in  different  ways.  I  obferved 
that  an  equal  degree  of  cold  did  not  benumb 
every  fpectes  of  thefe  creatures  equally  ; 
fome  require  a  greater,  fome  a  lefs,  degree 
of  it.  The  fame  thing  takes  place  with 
regard  to  the  death  of  thofe  animals,  occa- 
fioned  by  an  increafe  of  cold.  The  limbs 
are  the  firft  parts  that  congeal  and  grow 
hard.  The  centre  is  the  laft  part.  When 
that  is  froze,  the  animal  never  comes  to  life 
again  ;  whereas  the  limbs,  after  being  thaw¬ 
ed,  become  as  ufeful  as  before.  Thefe  ex¬ 
periments,  together  with  many  others  I 
made,  by  means  both  of  natural  and  arti¬ 
ficial  cold,  were  intended  to  obferve  the 
change  or  want  of  equilibrium  in  the  cir¬ 
culation  of  humours,  which  begins,  in¬ 
creafe  s,  and  comes  to  its  heighth,  and  after¬ 
wards  takes  the  oppofite  turn,  increafes,  and 
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difappears  In  proportion  as  the  animal,  from 
a  moderate  degree  of  cold,  paffes  to  the 
extreme,  and  from  hence,  by  degrees,  re¬ 
turns  to  the  temperate. 

Our  falamanders  are  oviparous,  contrary 
to  the  terreftrial,  which  are  viviparous 
Their  eggs  are  of  a  dun  color,  and  fur- 
rounded  with  a  glutinous  matter,  not  un¬ 
like  that  of  frogs.  Naturalifts  are  ftill  ig¬ 
norant,  whether  falamanders  copulate  as  the 
more  perfedt  animals,  or  as  frogs  and  fifh. 
The  dodtrine  of  generation  being  concerned 
in  enquiries  of  this  kind,  I  have  given  my- 
felf  a  good  deal  of  trouble  about  them,  and 
will  take  notice  in  my  book  of  every  thing 
that  fell  under  my  obfervation  relative  to 
this  fubjedt.  My  obfervations  about  the 
eggs  of  the  falamanders  paffing  from  their 
ovaries  into  the  ovidudts,  a  point  which  has 
been  hitherto  in  the  dark  and  not  well 
underftood,  (hall  be  expofed  at  the  fame 
time;  and  I  fhall  mention  the  changes  theie 
eggs  undergo  in  this  paflage. 

Mr.  Du  Fay-f*  fays,  he  could  never  fuc^ 
ceed  in  bringing  the  falamanders  out  of  the 
eggs,  nor  fee  them  in  their  earlieft  ftate  of 
infancy.  I  have  been  more  fuccefsful  in 

*  Maupertuis,  ibidem. 
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both  thefe  mftances.  In  the  firft  moments 
after  the  birth  of  thefe  animals,  the  circu¬ 
lation  of  the  blood  through  their  gilts  is 
very  beautiful.  Befides  the  bronchia  de¬ 
fended  by  Du  Fay,  and  fuppofed  to  have 
been  difcovered  by  him,  I  have  found  fome 
others,  which  afterwards  periih.  Thefe, 
which  were  deferibed  by  the  French  ob~ 
ferver,  difappear  entirely  in  three  weeks  time  > 
but  in  my  falamanders  they  lafted  an  equal 
number  of  months. 

The  tranfparency  of  thefe  very  fmall  fala-* 
manders  enabled  me  to  find  out  diftindtly 
how  the  arteries  of  the  tail  become  veins  y 
in  what  manner,  from  the  two  principal  vef- 
fels,  viz.  the  vein  and  the  artery,  fmaller  and 
fmall er  branches  gradually  come  forth,  and 
how  the  blood,  which  was  yellow  at  firft, 
afterwards  acquires  a  red  color.  I  have  dif¬ 
covered  fome  other  particulars,  which  have 
been  of  no  fmall  ufe  to  me  in  comprehend* 
ing  the  regeneration  of  the  tail. 

,  '  .  i 

My  chief  experiments  about  the  cutting 
off  the  tail,  may  be  camprifed  under'  the 
following  queries. 

I.  Does  the  reproduction  take  place,  i.  m 
every  known  fpecies  of  the  falamander  ?  2. 

And  at  any  period  of  their  life  ?  3,.  Does,  it 

happen* 
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happen  in  whatever  fituation  they  are  kept, 
upon  the  earth,  or  in  water  ?  4.  Is  it 

brought  abou  t,  let  the  length  of  the  divided 
part  be  greater  or  lefs  ?  The  refill  t  of  my 
experiments  on  thefe  leverai  points  has  con- 
flantly  been  in  the  affirmative. 

IX.  Is  the  regenerated  part  equally  long, 
when  much  or  little  of  the  tail  has  been  cut 
•  off?  and  is  it  fo  in  all  falamanders  of  the 
fame  fpecies  and  age  ?  Is  it  equal  when 
the  falamanders  are  of  the  fame  fpecies,  but 
of  a  different  age  ?  Is  there  no  inequality 
when  both  fpecies  and  age  are  different  ?  A 
difference  in  each  of  thefe  particulars  occa- 
lions  a  diverlity  in  the  reproduction. 

III.  Do  the  conftituent  parts  of  the  new 
tail  differ  from  thofe  of  the  part  that  was 
cut,  in  number,  ftruCture,  or  connexion  ? 
By  no  means  ;  notwithftanding  the  union  of 
Similar  and  diffimilar  parts.  The  chief  of 
thefe  conftituent  parts  are  the  cuticle ,  the 

Jkiriy  the  glands ,  the  mufcles ,  the  vertebral 
bones ,  the  oblongated  medulla  fpinalis,  and  the 
•blood  vejfels . 

IV.  Is  the  number  of  the  reproduced  ver¬ 
tebra  equal  to  thofe  that  were  cut  off?  Are 
they  formed,  one  after  another,  at  the  end 
of  the  tail  ?  What  time  is  required  to  bring 

F  the 
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the  new  vertebras  to  the  fize  and  firmnefs 
of  the  former  ?  In  the  courfe  of  the  laft 
enquiry,  I  found  that  a  whole  year  was  not 
fufficient  to  render  the  new  part  equal  to 
that  which  was  cut  off,  efpeciaMy  when 
much  was  taken  away.  It  is  however  pro¬ 
per  to  obferve,  that,  during  one  half  of  the 
year,  or  the  winter,  the  regenerating  power 
ceafes  in  the  falamander* 

Hitherto  the  fedtion  was  made  perpendi¬ 
cular  to  the  axis  of  the  tail.  It  was  there¬ 
fore  necefiary  to  give  it  a  different  direction, 
which  led  me  to  enquire, 

* 

V.  What  happens  to  the  tail  by  cutting 
it,  i .  all  along  the  middle  part  of  the  fpine, 
beginning  from  the  extremity  of  the  tail, 
and  extending  the  incifion  upwards  to  the 
roots,  in  order  that  the  tail  may  be  divid¬ 
ed  in  its  whole  length  into  equal  portions, 
without  being  feparated  from  the  body  ?  2. 
What  is  the  confequence  of  fuch  a  fedtion, 
when  not  extended  fo  far  ?  3.  What  hap¬ 

pens  when  the  fedi  ion  is  in  an  oblique  di¬ 
rection  to  the  axis  of  the  tail  ?  ,  4.  What 
happens  when  either  two,  or  only  one  flip 
is  cut  off  lengthways  from  the  tail,  without 
damaging  the  fpine  ? 
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VI.  How  far  is  the  tail  affeCted,  i.  if 
the  fpine  only  is  cut  in  two  or  three  places  ? 

2.  When  it  is  cut  acrofs,  either  clofe  to  the 
fpine  exclufively,  or  beyond  it,  fo  that  the 
part  cut  remains  attached  by  a  fmall  flip  ? 

3.  When  feveral  incifions  have  been  made 
here  and  there  upon  the  mufcles  ?  4.  When 
a  whole  ring,  or  Ilice  of  the  flefh,  is  cut  off 
tranfverfely  ?  The  refults  of  thefe  laft  repro¬ 
ductions  were  exactly  flmilar  to  thofe  of  the 
foregoing. 

VIL  When  the  new  reproduction  is  cut 
off,  is  it  fucceeded  by  another  ?  Does  this 
laft  proceed  in  the  fame  manner  as  the  for¬ 
mer  ?  The  fame  procefs  takes  place  not 
only  in  a  fecond  reproduction,  but  alfo  in  a 
third,  in  a  fourth,  &c.  and  the  falamanders 
deprived  of  many  fucceffive  reproductions, 
mil  follow  in  the  formation  of  new  parts* 
the  fame  unalterable  laws. 
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REPRODUCTIONS  OF  THE 
LEGS  IN  THE  AQJJATIC 
SALAMANDER. 

i  A  >/  -  '  -  ‘  .  \ 

X)lSCOURSING  on  this  reproduction, 
I  cannot  avoid  being  more  particular  than  I 
have  been  hitherto.  Naturalifts  might  even 
accufe  me  of  being  much  too  concife,  if 
the  fummary  of  my  experiments  was  not 
much  lefs  than  the  detail  in  my  journals.  An 
animal  of  the  moft  perfect  clais,  which,  in 
the  reproduction  of  its  limbs,  always  pre- 
fents  fomething  to  fatisfy  the  curiofity  of  a 
nice  obferver,  jultly  deferves  to  be  ftudied 
very  affiduoufly,  and  to  be  attended  to  with 
much  accuracy  and  reflection.  Whoever  is 
in  the  lead  acquainted  with  thefe  matters, 
evidently  fees  how  much  light  the  confiderà- 
tion  of  this  animal  alone  may  throw  on  many 
parts  of  phyflology  and  natural 

% 

In  whatever  place  the  falamander’s  legs 
are  cut  off,  the  regeneration  is  equally  well 
performed.  It  fucceeds  alike,  whether 
one  or  all  the  four  legs  be  cut  off  at  once, 
or  at  different  times.  This  reproduction  is 
obtained  in  the  fame  manner,  when  either 

4  one 
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®ne  or  all  the  legs  are  intirely  disjointed 
clofe  to  the  body  of  the  animal.  And  as  I 
have  found  it  to  be  an  univerfal  law  of  na¬ 
ture,  that  it  only  repairs  the  loft  part  ;  fo  X 
have  obferved,  that  when  the  legs  are  taken 
away,  the  reproduction  confifts  in  the  pufh- 
ing  forth  of  entire  legs  ;  but  that  when  one 
or  more  of  the  legs  are  cut,  through  the 
middle,  for  inftance,  nothing  is  reproduced 
but  the  part  taken  away, 

y  ■  4 

When  the  legs  have  been  disjointed  clofe 
to  the  body,  the  new-produced  legs  keep  in 
their  whole  length  the  juft  and  exaCt  pro¬ 
portions  obferved  in  the  natural  legs.  But 
when  they  have  only  been  partially  cut  off, 
the  reproduction  feems,  at  their  union  with 
the  trunk,  to  be  ftraightened  and  deformed. 
This  however  does  not  take  place  in  the  fala- 
manders  of  the  fmall  fpecies,  though  already 
grown  up  ;  and  I  have  never  obferved  it  in 
the  young  animals. 

The  legs  are  reproduced,  without  any  ex¬ 
ception,  in  all  the  different  fpecies  of  fala* 
manders  I  know.*  and  of  whatever  age  they 
are.  I  have  never  found  it  otherwife,  in  any 
one  inftance  out  of  many  hundred  animals 
I  have  cut  in  this  manner.  Yet,  i.  the 
reproduction  happens  fooner  in  young  fala-* 
tnanders  ;  and  in  fuch  the  growth  of  the 

F  3  new 
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leg  is  fo  quick,  that  in  a  very  Abort  time 
it  appears  in  all  relpeCts  the  fame  as 
the  old  one.  2.  When  the  four  legs  are 
cut  off  clofe  to  the  body,  the  anterior  ones 
commonly  appear  firft.  What  may  be  the 
caufe  of  this  phenomenon  ?  3.  In  full- 

grown  falamanders,  the  reproduction  is 
quicker  when  they  are  of  the  fmall  fpecies, 
than  when  they  are  of  the  larger.  4.  When 
the  toes  of  one  leg  (the  right,  for  inftance) 
are  cut  off,  the  reproduction  is  fo  flew,  tha t 
if  the  whole  of  the  left  leg  has  been  taken 
away  at  the  fame  time,  the  toes,  which  un¬ 
fold  themfelves  in  the  new  leg,  become  equal, 
in  the  fame  fpace  of  time,  to  thofe  that  grow 
from  the  right  leg. 

The  beginning  of  this  reproduction  is  a 
cone,  which  is  nothing  but  the  leg  in  mi¬ 
niature,  and  only  wants  to  be  unfolded.  At 
firft  the  cone  is  of  a  gelatinous  fubftance, 
endued  with  the  moft  exquifite  feeling;  and 
though  the  new  leg  be  hill  very  fmall,  the 
articulations  are  viiible,  and  the  falamander 
ufes  them  very  foon.  This  is  likewife  ob- 
ferved  in  new-born  unmutilated  falamanders, 
juft  beginning  to  fhew  their  legs. 

Some  other  refemblances  arò  obferved  in 

fry,  ’  »  *  *  *'  '  V 

the  growth  of  the  natural  and  of  the  arti¬ 
ficial  legs,  All  falamanders  have  four  toes 

on 
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on  their  fore-legs,  and  five  on  their  hind¬ 
legs.  I  have  found  that  thefe  toes,  both  ill 
the  fore  and  hind-legs,  do  not  come  out  all 
at  once.  At  firft,  the  fmall  legs  are  only 
four  cones,  ending  in  a  point.  On  either 
fide  of  this  are  foon  feen  two  fmaller  cones; 
which,  together  with  the  middle  point,  are 
nothing  elfe  but  the  three  middle  toes,  as  it 
appears  afterwards.  Then  the  remaining 
toes,  viz.  one  in  each  of  the  fore-legs,  and 
two  in  the  hind-legs,  unfold  themfelves 
nearly  in  the  fame  manner.  The  lame  ap¬ 
pearances  are  obferved  in  the  reproduction 
of  the  legs  that  have  been  cut  off. 

Moreover,  as  the  natural  legs  take  their 
greateft  increafe  when  they  are  itili  loft,  and 
lengthen  lefs  when  they  begin  to  harden, 
the  fame  thing  happens  in  the  reproduc¬ 
tions. 

It  is  neceflary  to  note  the  following 
periods,  at  leaft  when  we  fpeak  of  fala- 
manders  already  come  to  their  growth,  viz., 
the  confiderable  time ,  which  paffes  after  the: 
cutting  off  of  the  leg,  before  the  reproduction 
begins  ;  its  flownefs  in  the  fir fl  period  ;  its  quick 
progrefs  afterwards  ;  and,  l a  fitly,  its  tardinefs: 
when  the  leg  begins  to  harden* 

F  4 
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There  is  ftill  this  difference  between  the 
natural  and  the  reproduced  leg,  that  not 
only  the  cone,  but  the  leg  itfelf  during  its 
reproduction  and  unfolding,  appear  much 
larger  than  the  firft  cone  and  leg  produced 
by  nature.  The  reafon  of  this  difference  is 
obvious.  Both  the  cone  and  natural  leg;  come 

O 

out  from  the  falamander  when  yet  very 
imall,  or  new-born  j  whereas  the  new  cone 
and  leg  come  out  from  a  full-grown  and 
much  larger  falamander*  In  this  cafe  the 
juices,  which  contribute  to  the  unfolding 
and  increafe  of  the  leg,  muff  be  more 
powerful  and  more  abundant  than  in  the 

former.  < 

* 

Hence  the  feafon  may  be  deduced  why 
the  reproduced  cone  and  leg  are  bulkier 
when  both  the  animal  and  trunk  from 
which  the  cone  iffues  are  larger  ;  this  I 
found  conflantly  in  every  animal  reproduc¬ 
tion* 

c 

x 

The  circulation  of  the  blood,  viewed 
through  a  microfcope*  appears  the  fame  in 
the  natural  and  the  reproduced  leg.  This 
indeed  can  only  be  thus  viewed  in  fmall 
falamanders  ;  as  the  opacity  of  the  larger 
kind  prevents  fuch  an  examination.  Re- 
courfe  was  therefore  had  to  diffeCtion  ;  and 
this  being  carefully  performed  without  hurt- 
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frig  the  principal  veftels,  gave  an  opportu** 
nfty  of  tracing,  without  the  help  of  a  lens, 
the  arteries  which  bring  the  blood  to  the 
legs,  and  the  veins  which  carry  it  back  to 
the  heart. 

Befides  thè  fimilarity  of  the  circulation  in 
the  natural  and  reproduced  legs,  an  enquiry 
was  made,  whether  the  fame  was  obfervable 
among  the  condiment  parts  of  the  leg,  viz* 
the  cuticle ,  Jkin>  glands ,  mufdes%  bones ,  and 
nerves, 

\ 

I  firft  began  by  analyfmg  the  parts  enter¬ 
ing  the  compofition  of  the  cone,  which 
comes  out  of  the  trunk,  and  is  the  fmali 
leg,  concentrated  in  itfelf.  The  reproduce 
tion  of  the  bones  had  the  greateft  filare  in 
this  analyfis.  I  fhall  defcribe  the  manner 
in  which  thefe  bones  are  formed  and  unfold¬ 
ed  in  my  large  work  ;  beginning  from  the 
day  of  their  firft  appearance,  to  the  time  of 
their  perfeél  growth.  This  defcription  will 
comprehend  both  the  bones  which  are  to  be 
reproduced  entirely,  and  thofe  which  are 
only  to  be  reproduced  in  part.  This  will 
give  me  an  opportunity  to  fpeak  of  the  ef¬ 
fects  of  the  madder  root  given  to  falaman- 
ders  s  a  root  to  which  we  are  indebted  for 
fo  many  curious  difcoveries,  on  account  of 
its  furprifing  property  in  dying  the  bones  of 

animals 
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animals  red,  without  aSefcing  any  of  the 
other  parts.  I  fhall  take  the  liberty  of  de¬ 
le  ribing,  on  this  occahon,  what  I  have  ob- 
ferved  on  the  famous  queftion  debated  be¬ 
tween  thofe  two  eminent  philofophers, 
Haller*  and  DuHamel*p,  on  the  formation  of 
the  bones.  From  the  bones,  I  (hall  pafs  to 
the  formation  and  unfolding  of  the  ether 
parts,  viz,  the  mufcles,  the  nerves,  the 
glands,  &c.  Thefe  were  next  the  objedts 
of  my  analyfìs,  I  have  not  negledbed,  in 
this  minute  and  laborious  difquifition,  to 
enquire  principally  into  the  law,  which  na¬ 
ture  follows  in  uniting  and  adapting  the 
tender  ftamina  of  the  growing  reproduction 
to  the  divided  and  confolidated  fibres  of  the 
trunk. 

At  prefent  I  filali  only  fpeak  of  the  re¬ 
produced  bones,  as  being  fuppofed  to  have 
already  acquired  a  fufficient  degree  of  ma¬ 
turity  and  firmnefs.  There  are  in  all  ninety-* 
nine  bones,  which  enter  into  the  compofx- 
tion  of  the  four  legs  of  an  unmutilated  fala- 
mander  -,  and  the  fame  number  has  likewife 
moft  commonly  been  found  in  the  four  re¬ 
generated  legs,  after  the  old  legs  have  been 
taken  off  at  the  articulation ,  clofe  to  the 
trunk.  The  form,  portion,  and  internal 

*  Memoires  fur  !e  formation  des  os. 

f  Mem.  de  1739,  1741,  1743,  &c. 
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drudure  of  the  reproduced  and  natural 
bones  is  the  fame  ;  but  the  color  of  the  new 
bones  is  lomewhat  different,  and  their  fub- 
fiance  more  tender. 

,  '  >  *  •  i 

The  regenerated  bones  do  not  acquire 
their  due  powers  and  neceffary  length  in  the 
fpace  of  a  whole  year  ;  as  they  are  found, 
even  after  fuch  a  length  of  time,  fomewhat 
fhorter  than  the  natural  bones.  This  how¬ 
ever  muff  be  underflood  of  falamanders 
which  are  come  to  their  full  growth.  In 
fuch  as  are  dill  young  and  growing,  the 
new  bones  are  not  to  be  didinguiflied  from 
the  original  bones,  in  a  few  days  after  the 
operation. 

The  reproduction  of  fo  many  bones  (and 
this  may  likewife  be  ‘faid  of  the  other 
condituent  parts  of  the  legs)  is  not  only  ob¬ 
tained  in  the  fame  way  when  food  is  given 
to  falamanders,  but  even  when  they  are 
kept  fading  during  the  whole  time  of  this 
great  procefs.  By  comparing  minutely,  after 
two  of  the  hotted  fummer  months,  bones 
reproduced  in  falamanders  which  had  been 
condantly  fed,  with  thofe  that  grew  in  fala¬ 
manders  which  had  not  partaken  of  any 
food,  no  difference  wfyatfoever  could  be 
found.  The  fame  thing  was  obferved  in 
the  reprodudtion  of  the  tails. 


More- 
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Moreover,  after  fuch  z  length  of  time, 
there  was  no  vlfible  difference  between 
the  fize  of  the  firft  and  the  laft  fala- 
manders.  This  is  an  evident  proof  of 
the  great  regenerating  powers  of  this 
animal,  and  of  their  perfpiring  little.  Yet 
when  falamanders  are  kept  failing  a  longer 
time,  they  begin  to  grow  more  lean  and 
tapering  than  thofe  that  arey  fed.  But  the 
reproduction  continues  filli  in  the  fame 
way. 

If  we  compare  bones  reproduced  in  the 
faid  two  fummer  months  with  the  corre- 
fponding  natural  bones  ;  for  inftance,  thofe 
that  were  reproduced  in  the  right  hind  leg* 
with  the  natural  bones  of  the  left  leg  in  the 
fame  falamander,  we  {hall  find,  that  although 
the  larger  bones  of  the  reproduction,  viz* 
the  thigh-bone  and  the  tibia,  are  fihorter 
than  the  natural  correfponding  bones  ;  yet 
the  difproportion  between  them  is  lefs  than 
between  the  fmaller  bones  •  as  thofe  of  the 
metatarfus  reproduced  in  the  fame  leg, 
and  the  natural  finali  bones  of  the  fellow-* 
leg. 


But  is  this  odd  phenomenon  likewife  ob«® 
fervable  in  the  legs  of  young  unmutilated 
falamanders  ?  Does  it  take  place  in  other 
animals  ?  What  is  the  caufe  of  it  ?  Is  it 

perhaps. 
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perhaps,  that  the  larger  bones  of  the  repro¬ 
duction  are  quicker  in  their  growth  than  the 
lefs  ;  as  the  firft  have  already  acquired  a 
<:onfiderable  degree  of  firmnefs  when  the 
jatter  are*  ftill  very  foft  ? 

But  although  the  new  bones  were  found 
'  after  two  fummer  months  confiderably 
jfhorter  than  the  natural  correfponding  bones, 
yet  they  always  were  equal  in  thicknefs,  and 
oftentimes  even  thicker  ;  a  circumftance 
which  deferves  to  be  particularly  attended 
to. 

Having  fpoken  of  the  reproduction  of 
whole  bones,  let  us  now  fay  fomething  of 
thofe  wThich  are  reproduced  in  part.  If,  in~ 
ftead  of  taking  off  the  whole  leg  from  the 
body,  part  of  it  only  is  feparated  ;  no  bonesf 
are  reproduced  but  fuch  as  were  taken  off* 
If,  for  inftance,  a  leg  be  cut  off  at  the  arti¬ 
culation  of  the  radius,  the  new  joint  will  be 
reproduced  with  the  precife  number  of  bones 
contained  under  that  joint.  If  the  radius, 
the  os  humeri,  or  the  tibia,  be  cut  in  the 
middle,  the  lower  half  will  be  reproduced, 
together  with  all  the  leffer  bones  feparated 
with  it. 

Upon  confidering  attentively  in  this  laft, 
and  in  fimilar  inftances,  the  portions  of  the 

old 
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old  and  new  bones  united  together,  it  will 
be  found,  i.  that  the  old  bone  (at  leaft  in 
full-grown  falamanders)  did  not  lengthen 
in  the  leaft,  and  that  it  preferved,  when 
united  with  the  new  part,  the  fame  figure  it 
had  acquired  by  the  fection.  2.  That  the 
nature  both  of  the  old  and  new  bones,  ex¬ 
cept  in  color  and  firmnefs,  is  the  fame.  3» 
That  after  a  certain  time  the  old  bone  unites 
with  the  new  one  in  fuch,  a  manner,  that 
the  bafis  of  the  firft  is  equal  to  the  bafis  of 
the  Taft.  4.  That  it  often  happens  however, 
that  the  diameter  not  only  of  the  bafis,  but 
of  the  whole  of  the  new  bone,  is  larger  than 
that  of  the  old  bone.  5.  That  fome times 
the  old  bone  is  in  a  manner  fheathed  within 
the  new  one,  6.  That  when  longitudinal 
flips  are  cut  with  a  knife  from  the  old  bone, 
and  that  this  divihon  is  continued  to  the 
upper  part  of  the  new  bone,  the  longitudi¬ 
nal  fibres  are  found  to  run  in  the  fame  di¬ 
rection  from  the  one  to  the  other.  7.  That 
the  marrow  of  the  old  bone  is  produced 
along  the  new  one.  8.  That  fometimes  the 
new  bone  deviates,  at  the  point  of  union 
with  the  old  one,  from  the  ftraight  line,  and 
forms  an  obtufe  angle.  9.  That  when  this 
irregularity  or  deviation  St  the  point  of  con¬ 
tadi:  does  appear,  the  bones  reproduced  be¬ 
low  this,  are,  in  general,  perfectly  regular  as 
well  as  the  old  bones. 
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We  have  aflèrted,-  that  when  the  legs  of 
falamanders  are  cut  off,  the  precife  number 
of  parts  which  were  feparated  is  commonly 
reproduced.  It  cannot  however  be  denied, 
that  fuch  divifions  have  fome  influence  in 
producing  monftrous  appearances  in  the  new 
legs.  i.  The  fame  number  of  toes  is  not 
always  produced.  2.  Some  parts  are  want¬ 
ing  in  fome  inftances  ;  in  others  there  are 
too  many.  3.  Irregularities  of  the  laft  kind 
are  more  common  than  the  former.  4* 
Even  wffien  the  fame  number  of  toes  is 
produced,  there  may  not  be  the  fame 
number  of  joints,  nor  confequently  of 
fmall  bones  entering  into  the  compofition 
of  the  toes.  The  unfrequency  of  thefe 
monflrous  appearances  in  the  toes  of  the 
unmutilated  falamanders  is  a  fufficient 
proof  of  their  being  occafioned  by  the 
feCtion. 

If  the  four  reproduced  legs  be  cut  off 
again,  four  new  legs  will  make  their  ap¬ 
pearance  the  fecond  time  as  they  did  the 
firft  ;  and  this  is  repeated  feveral  times.  In 
faft,  when  falamanders  were  quite  young, 
at  which  time  the  reproduction  is  fooneft  per¬ 
formed,  I  have  obtained  in  the  courfe  of 
the  months  of  June,  July  and  Auguft,  fix 
fucceffive  reproductions  of  the  four  legs,  and 
an  equal  number  of  fucceffive  reproductions 

of 
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of  the  tail  at  the  fame  time.  In  one  of 
thefe  falamanders,  the  reproduced  bones  of 
the  legs  and  tail  amounted  in  thefe  three 
months  to  fix  hundred  and  eighty-feven. 
This  number  of  reproductions  deemed  not 
to  haveleffened  in  any  confiderable  degree  the 
regenerating  power,  as  the  laft  was  ob¬ 
tained  in  the  fame  number  of  days  as  the 
former.  As  this  power  manifefts  itfelf 
from  April  to  September,  it  is  very  pro¬ 
bable,  that,  by  beginning  thefe  fe&ions  in 
April,  and  continuing  them  during  all  that 
time,  one  might  obtain  in  thefe  fix  months 
twelve  reproductions  both  of  the  legs  and 
tail.  ‘ 

If,  inftead  of  being  cut,  the  falamander’s 
legs  are  broken*  a  callus  will  be  formed  in 
the  ufual  manner;  this  afterwards  hardens, 
unites,  and  knits  together  the  extremities 
of  the  fraftured  bone.  But  the  lofs  of  the' 
legs  is  commonly  lefs  injurious  to  the  ani¬ 
mal  than  a  mere  fraCture.  In  the  firft  in- 
ftance  they  are  completely  reproduced,  and 
the  falamanders  make  the  fame  ufe  of  them 
as  before  :  but  in  the  fecond  cafe  it  often 
happens,  that  they  cannot  recover  the  ufe 
of  them,  but  are  forced  to  drag  their  legs 
after  them,  and  to  limp. 

'  .  Ths 
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The  fame  obfervations*  which  I  made  on 
the  formation  and  increafe  of  the  reproduced 
bones*  I  thought  proper  to  repeat  on  the  cal- 
lus,  and  at  the  fame  time  ftriCily  to  com¬ 
pare  the  nature  of  this  callus  with  that  of 
the  reproduced  bones. 

But  in  order  to  follow  more  clofely  the 
progrefs  of  nature*  and  the  means  fhe  em¬ 
ploys  in  bringing  about  the  furprifing  re¬ 
production  of  the  falamander’s  legs*  I  en¬ 
deavoured  to  find  out  how  to  check  her  ope¬ 
rations,  or,  if  poffible,  to  put  a  flop  to  them 
entirely,  I  (hall  therefore,  point  out  in  the 
courfe  of  my  work*  the  effects  produced*  x. 
When,  after  having  cut  off  the  leg  at  the 
joint  either  of  the  radius  or  tibia ,  a  portion 
of  the  os  humeri  or  of  the  thigh  bone  was 
left  naked,  and  without  any  flefh  upon  it. 
2.  When  a  ring  or  circular  flip  of  flefh 
was  cut  off  fo  me  what  above  the  trunk*  and 
clofe  to  the  bone.  3.  When  liliali  pieces 
were  cut  off  here  and  there  over  the  trunk., 
4.  When  a  circular  inciflon  was  made  on 
the  fame  place  quite  to  the  bone.  5.  When 
a  tight  ligature  was  made  on  the  trunk,  fo 
as  to  prevent  or  retard  the  defcent  of  the 
humors  to  it.  6.  When  the  bone  of  the 
leg  above  the  trunk  was  broken  in  one  or 
more  places.  7.  When  only  a  fmall  piece 
of  the  tibia  and  os  femoris ,  or  of  the  radius 
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and  os  humeri ,  was  taken  off.  8.  When, 
after  having  broken  a  leg  at  the  tibia  or 
the  radius >  the  lower  part  was  raifed,  and 
fattened  gently  with  a  thread  to  the  upper 
part  of  the  fame  leg. 


? 
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